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During childhood, children begin to formulate naïve theories about biology and animals. Past 

research suggests that these early theories can have a substantial impact on later academic and 

non-academic outcomes. This dissertation consists of three projects examining different aspects 

of how children learn about biology and evaluate biological information. In the first project, we 

examined 3- and 4-year-old children’s (N = 54) understanding of camouflage and how this was 

influenced by guidance strategy. Specifically, this project examined how children’s biological 

learning differed between guided play and direct instruction. Results from this study suggest that 

regardless of guidance strategy, children’s understanding of camouflage increased over the 

course of the study. Further, results suggest that the effectiveness of different guidance strategies 

depends in part on children’s individual differences. The second project consisted of two 

experiments both examining how children evaluate different quality explanations about 

biological phenomena. Experiment 1 investigated how 4- to 6-year-old children (N = 59) rated 

the quality of four different quality explanations and how individual differences impacted 

children’s ratings. Results from this study suggest that 6-year-olds understood the distinction 
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between high and low quality explanations in biology, however, 4- and 5-year-olds had more 

trouble distinguishing between the different explanation types. Experiment 2 was designed as a 

follow-up study to investigate why 4- and 5-year-olds in Experiment 1 did not differentiate 

between the different quality explanations. Experiment 2 asked 4- and 5-year-old children (N = 

58) to sort explanations as helpful or not helpful at answering biological questions. Individual 

differences were also measured. Results from this study suggest that children have a bias to sort 

all explanations as helpful at answering questions about biology, regardless of their quality. 

Finally, Project 3 consisted of two experiments examining how children evaluate different 

quality biological explanations and how the quality of those explanations impacts children’s 

recall of the biological phenomena. Experiment 1 tested 4- and 5-year-old children (N = 46) and 

found that children in this age range recalled very little target information from the explanations 

in the study. To understand more about children’s memory of biological explanations, 

Experiment 2 was done with 6- to 8-year-old children (N = 76), as we expected older children to 

remember more from the explanations they were given. Results from this study suggest that 

older children do not demonstrate the same bias to sort all explanations as helpful at answering 

biological questions. Further, results suggest that children remembered more information from 

mechanistic explanations than non-explanations, and children were likely to repeat their original 

guess from pre-test if they were offered a non-explanation at test. In combination, these projects 

provide insight into early conceptual development of biology during childhood.  
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INTRODUCTION 

 

Beginning at a young age, children are motivated to think and learn by actively engaging in their 

world (Chouinard, Harris, & Maratsos, 2007; Frazier, Gelman, & Wellman, 2009, 2016). 

Although their curiosity extends across a wide variety of topics, young children are often 

particularly interested in questions that center on living things, like animals (Hatano & Inagaki, 

1994, 1997). Questions regarding what makes something alive, why an animal engages in a 

certain behavior, and where babies come from all fit under the broad umbrella of biological 

reasoning, which is considered to be a fundamental domain of human cognition (Hatano & 

Inagaki, 1994; Inagaki & Hatano, 2006; Wellman & Gelman, 1998). Moreover, research has 

suggested that understanding biological concepts and processes is useful for children: it can 

assist children in biological problem-solving, promote positive health practices like avoiding 

contagion, allow children to better understand how to care for themselves and other living 

organisms, and can alleviate fear surrounding death (Hatano & Inagaki, 1994; Inagaki & Hatano, 

2006; Slaughter, & Griffiths, 2007; Wellman & Gelman, 1998).  

That said, it is important to note that children often have intuitive theories about biology 

that are wrong, or at least at odds with learned scientific theories (Young & Shtulman, 2020). 

Early biological theories can have a substantial impact on children’s understanding of science 

later in development. For instance, young children tend to reason about natural phenomena 

through a teleological lens (i.e., belief that a phenomena occurs for a purpose/goal; Kelemen, 

2004). Later, often during formal schooling, children encounter ideas like evolutionary 

adaptation (i.e., increased presence of an adaptive trait due to successful survival and 

reproduction, not due to existing for a particular purpose) that are at odds with their teleological 
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stance. Children are thus faced with conflicting evidence that can ultimately prevent them from 

understanding science and create a vulnerability to scientific misinformation later in life 

(Kelemen, Emmons, Schillaci, & Ganea, 2014; for studies with adults, see Bolsen & Druckman, 

2015; Cook, Ellerton, & Kinkead, 2018; Motta, Callaghan, Sylvester, 2018). Since children’s 

early theories about biology can have such a great impact on later scientific knowledge, it is 

important that we understand more about how children learn about biology so that we can better 

scaffold children’s early knowledge (Hatano & Inagaki, 1994; Wellman & Gelman, 1998).  

My dissertation consists of three related projects examining how children learn about 

biology and evaluate biological information. In the first project, I examine young children’s (N = 

54, children ages 3.14 to 4.96) understanding of the fundamental biological concept of 

camouflage, and how different guidance strategies can be used to support biological learning. I 

also include measures of individual differences to better understand how the effectiveness of 

different strategies may depend on those factors. For the second project (currently under review), 

I examine how young children (Study 1: N = 59, children ages 4.04 to 6.98; Study 2: N = 58, 

children ages 4.01 to 5.98) evaluate different types of explanations for biological causal events as 

well as what individual differences play a role in the developmental trajectory for evaluating 

biological explanations. The final project investigates what children (Study 1: N = 46, children 

ages 4.02 to 5.98; Study 2: N = 76, children ages 6.24 to 8.99) remember from biological causal 

explanations they have been given by others and how that is influenced by quality of the 

explanations. Together, these projects provide insight into conceptual development of biology 

during early childhood.  
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CHAPTER 1 

PROJECT 1 

During early childhood, there are an abundance of informal learning opportunities that 

may allow children to learn scientific concepts. For example, some evidence has suggested that 

picture books may be an effective tool for teaching young children about the biological concepts 

of camouflage and natural selection (Emmons, Lees, & Kelemen, 2018; Ganea, Ma, & 

DeLoache, 2011; Kelemen et al., 2014). In one such study, 3- and 4-year-old children were 

presented with a picture book about camouflage, where the book described why a predator could 

or could not find their prey against the scene’s background (Ganea et al., 2011). Children were 

then shown pictures of camouflaged and noncamouflaged animals in order to determine if 

children had learned the concept of camouflage in comparison to their pre-test understanding as 

well as whether they transferred learning to different animals. A follow-up study also 

investigated whether children transferred learning to live animals. The results of these studies 

suggest that by age 4, children are sometimes able to learn about the biological concept of 

camouflage from a brief picture book. That said, there was a large amount of variability in 

children’s performance, and children still struggled with aspects of the task, such as transferring 

knowledge to real, living animals. Thus, it is important that we understand more about the factors 

contributing to children’s learning so that in the future we may better scaffold early learning 

experiences.   

One learning opportunity that may lend itself to increased engagement and greater visual 

similarity between materials and real objects is play. Play is an important aspect of early 

development, allowing children to grow across a variety of crucial developmental domains 
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(Burriss & Tsao, 2002). Specifically, guided play is a learning strategy that is child-directed but 

contains adult guidance in order to help the child meet certain learning goals (Weisberg, Hirsh-

Pasek, & Golinkoff, 2013). For example, imagine a parent and child are playing with animal 

figures. The parent may have a learning goal in mind, such as wanting the child to understand 

that different types of animals eat different types of food. Within the framework of guided play, 

the adult would wait until the child shared an observation that is related to the learning goal such 

as, “This gorilla is going to eat this plant!” The adult may then scaffold this experience by 

explaining that gorillas are herbivores and they eat only plants. This experience may then lead to 

discussion about other types of animals such carnivores or omnivores. The key idea of guided 

play is that a child explores and makes observations about the world, and then adults scaffold 

children’s observations.  

Past research has demonstrated young children can learn a number of things through 

guided play, such as the names of common shapes or the definitions of unfamiliar vocabulary 

words (Han, Moore, Vukelich, & Buell, 2010; Fisher, Hirsh-Pasek, Newcombe, & Golinkoff, 

2013; Weisberg et al., 2013). Moreover, in some cases, guided play can be superior to other 

types of learning strategies (e.g., free play and direct instruction) in helping young children learn 

a number of fundamental concepts (Fisher et al., 2013; Han et al., 2010; Weisberg et al., 2013). 

Although there is ample research promoting the effectiveness of guided play for children’s 

learning in some domains, like math, little research has investigated its effectiveness for early 

science learning. We believe that guided play may assist in children’s learning of early scientific 

concepts by allowing children to experiment with different outcomes, play with objects that more 

closely match reality, and receive scaffolding from more knowledgeable people. Guided play 
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may be particularly beneficial for biological learning, given that past research has suggested that 

conversations with adults are significant ways to build young children’s biological knowledge 

(Herrman, French, DeHart, & Rosengren, 2013; Rosengren, Gelman, Kalish, & McCormick, 

1991; Wellman & Gelman, 1998; Crowley et al., 2001; Gelman & Legare, 2011; Hatano & 

Inagaki, 1994, 1997; Jipson & Callanan, 2003). 

Project 1 examines the effectiveness of different pedagogical approaches for teaching 

preschool-age children a fundamental concept of biology. Specifically, this study compared 

children’s learning of camouflage through direct instruction and guided play. It was predicted 

that guided play would be a more effective strategy for young children’s learning about science 

than direct instruction. Further, a number of individual difference measures were included in 

order to understand what factors may influence children’s learning from different pedagogical 

approaches. First, we examined children’s verbal intelligence, which has often been used in 

developmental psychology as a proxy for general intelligence and relates to children’s ability to 

evaluate explanations from others (Mills, Danovitch, Rowles, & Campbell, 2017; Mills, Sands, 

Rowles, & Campbell, 2019). Second, we included a measure of executive function, given that 

attentional control may influence children’s ability to learn new biological information and then 

later transfer said knowledge to new context.  

Method  

Participants. For this project, participants were 60 3- and 4-year-old children recruited 

from preschools in the surrounding area as well as from SONA systems. Six children were 

excluded from the study for not completing some of the experimental tasks (N = 4), equipment 

failure (N = 1), and having completed pilot testing previously (N = 1).  The final sample was 54 



 

6 

3- to 4-year-olds (M  = 4.11, SD = .44; 25 Females): 23 3-year-olds (M = 3.72, SD = .24; 11 

Females) and 31 4-year-olds (M = 4.40, SD = .29; 14 Females). Data collection was still ongoing 

when the COVID-19 pandemic began. We had initially targeted a final sample of 60 participants, 

but because this project involved extensive experimenter-child interaction, we did not feel 

comfortable moving testing online for the last few participants. Descriptive data about the 

sample can be found in Appendix A. 

Prior to participation, children’s parents or legal guardians provided informed consent. 

After completing the study session, children were given a small prize and a certificate. Families 

who traveled to the campus laboratory to participate were given a $10 gift card. 

Materials. The general design for the project was modeled after the storybook research 

by Ganea et al. (2011). This project involved different sets of animals that could be prey (e.g., 

different color frogs), an animal that could be a predator (i.e., a hawk), and different natural 

environments for the prey to camouflage in (i.e., 11” x 18” laminated placements of real natural 

environments taken from above). See Appendix B for item sets.  

The pre-test consisted of 2 items: the forest set and the desert set. For each set, children 

were shown the predator (i.e., a hawk) and 2 different colored animals, one that could 

camouflage on the placement and one that could not.   

For the warm-up phase, children were presented a placemat of a rocky beach with two 

real rocks and one real piece of wood placed on top. Children were given small figures of a 

hawk, crab, shark, penguin, and sea turtle to play with on the placemat.  

For the test phase item, children were given two new sets of environments and animals: a 

forest set and a red lichen set. For each set, the predator was a figurine of a hawk that was 



 

7 

attached by clear string to a piece of PVC pipe in which a small Bluetooth speaker was hidden. 

An iPad was used to control the Bluetooth speaker hidden inside. The prey for both of these sets 

were two toy lizards: one of which was green and could camouflage in the forest and one of 

which was red and could camouflage on the red lichen.  

For the post-test phase, children were shown 4 new sets of environments and animals 

(i.e., two ocean environments and 2 prairie environments). Two of the environment animal sets 

consisted of a predator and 2 prey like previous trials (i.e., choice items). The other two 

environment animal sets consisted of a predator, 1 prey, and 2 natural environments that differed 

in color (i.e., placement items).  

Procedure. There were two conditions for this project: the guided play condition and the 

direct instruction condition. The experimental procedure across these two conditions were 

identical with the exception of the test phase, which will be described in more detail below.  

First, children began with the pre-test phase. The purpose of this phase was to gather 

information about children’s baseline understanding of camouflage. Children were presented 

with two the pre-test items: the forest item and the desert item. Children were first shown the 

picture of the predator (i.e., hawk) and told that the hawk is hungry and looking for either lizards 

or frogs to eat depending on the item. Then the prey were placed on the environment placemat 

and children were asked which of the two prey the hawk would eat (i.e., choice question). 

Children were then asked to explain why they thought the hawk would eat the animal they chose 

and why they thought the hawk wouldn’t eat the other animal (i.e., open-ended questions). If 

children got the choice question and one open-ended question correct for both pre-test items, 
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they were excluded from the study since they demonstrated an understanding of camouflage. 

Answers to the open-ended questions are currently being coded.  

Following the pre-test, children did the warm-up phase. The purpose of the warm-up 

phase was to accustom children to the type of interactions they would be doing with the 

experimenter during the test phase.  For both conditions, children engaged in a three minute 

warm-up phase where they were shown the rocky beach placemat and the set of animals. 

Children in the guided play condition were told that they could play with the animals however 

they like on the rocky beach. As the child was playing with the animals, the experimenter 

narrated the actions the child made to get children accustomed to the interaction of guide play. 

For the direct instruction condition, children engaged in the three minute warm-up phase; 

however, rather than freely moving the animals around, the experimenter asked the child to move 

the animals to specific locations.  

The purpose of the test phase was to expose children to the concept of camouflage 

through either guided play or direct instruction. For both conditions, children were first shown 

the forest environment and they were introduced to the hawk figurine. The experimenter 

explained and demonstrated that the hawk made a noise when it saw its prey. From that point, 

children’s guidance depended on condition. 

In the guided play condition, children were then given the non-camouflaging lizard to 

play with (i.e., the red lizard). Each time the child placed the red lizard anywhere in the scene, 

the research assistant played the hawk sound and the experimenter explained that the hawk made 

a noise because it saw the red lizard. This was done three times. Then, children were given the 

green lizard. If the green lizard was placed in a location where it did not camouflage, the hawk 
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sound played and the experimenter explained why. When the child placed the green lizard in a 

place where it did camouflage (i.e., the green grass), the experimenter pointed out that the hawk 

did not see the lizard and this was because the lizard is the same color as the background. The 

experimenter told the children that when an animal changes the way it looks to stay safe that is 

called camouflage. The experimenter then asked the child to place the green lizard in another 

place on the background where the hawk would not see the lizard. If children got this question 

incorrect, the experimenter corrected the child and re-asked the question. Once the child got the 

question correct, the experimenter placed the green and red lizard in a green area of the 

background. The experimenter asked the child which lizard the hawk would eat. Children were 

given feedback on their performance and corrected if necessary. This same procedure was done 

with the red lichen item. In this trial, the green lizard was non-camouflaging and the red lizard 

did camouflage.  

In the direct instruction condition, children did both the forest and red lichen items; 

however, children were told where to place the lizards on the backgrounds while the 

experimenter explained how camouflage works. Thus, children in the guided play condition were 

allowed to freely experiment and explore with different placements of the lizards and the 

outcomes of those placements, whereas children in the direct instruction condition were told 

what to do and how it worked.  

Following the test phase, children completed the individual differences phase. Children 

completed the NIH Toolbox Picture Vocabulary Task (PVT) (Gershon et al., 2013). This task 

presented children with words spoken aloud and then asked children to choose the picture that 

best matched the meaning of the word. This task was adaptive based on previous performance 
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and provided normed scores based on the child’s age group. Children also completed an 

executive function task called the Head Toes Knees and Shoulders (HTKS) task (Ponitz, 

McClelland, Matthews, & Morrison, 2009; McClelland et al., 2007). The HTKS measures many 

aspects of executive function including inhibitory control, working memory, and attention and 

has been shown to be sensitive to variability amongst young children (Ponitz et al., 2009; Lan, 

Legare, Ponitz, Li, & Morrison, 2011). The HTKS consists of two parts and children were told 

that they were going to do the opposite of what the experimenter asked them to do. For the first 

part, children were instructed to touch their head and toes. Children received two points if they 

correctly did the opposite of the experimenter’s instructions (e.g., when asked to touch their 

head, the child touches their toes), children received one point if they self-corrected their action 

(i.e., they are told to touch their head and begin moving towards their head and then move 

towards the correct answer), and children received no credit if they touched the incorrect body 

part. Part two was identical to part one, however, children were asked to touch their shoulders 

and knees in addition to their head and toes. Children only proceeded to part two if they scored 4 

or more points on part one. Children’s responses were coded the same as part one. Scores for 

part one range from 0 to 20 and scores for part two range from 0 to 20; therefore, overall scores 

on this task could range from 0 to 40 points.  

Finally, children ended with the post-test phase. In this phase, children were given the 

ocean items and prairie items. For the choice questions, children were asked which animal the 

predator would eat and explain why. For the placement task, children were shown two pictures 

of the same environment that differed in color (i.e., brown and blue ocean; green and brown 

prairie). Children were given one of the prey and were asked to put the prey where it would be 
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safe from the predator. Following this question, children were asked why the prey was safe there. 

The order of the choice and placement questions were counterbalanced and responses were 

coded. 

Coding and Reliability 

Choice. For the pre-test, a choice response was counted correct if children identified the 

non-camouflaging animal as the prey the predator would eat. The choice question was counted 

incorrect for any other responses. For the post-test, in addition to the choice questions, children 

were given placement questions. Placement questions were counted as correct if they chose the 

environment that matched the color of the prey and all other responses were counted as incorrect.  

Open-Ended Questions. For children’s explanations, children received two points for 

their explanation if they mentioned that the prey did/did not “camouflage” or if they explained 

that the prey would/would not be seen because it was the same color as the background. Children 

received one point for their explanation if they only mentioned the color of the prey and not how 

the color blends in with the surroundings. Further, children would receive one point if they 

mentioned that the predator would not see the prey or that the prey was hiding. All other 

responses, such as the predator liking one animal over another or the predator being hungry, 

received zero points.  

Results 

Preliminary Analyses. Preliminary analyses focused on examining individual difference 

measures for outliers or deviations from normality. See Table 1.1 for correlations. For the PVT, 

the NIH Toolbox App provided age-corrected standardized scores with a mean of 100 and a 

standard deviation of 15. Overall, children in this sample scored a mean PVT score of 99.93 (SD 
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= 13.23). Tests of normality suggested that there were no issues with skew (.20) or kurtosis (.63) 

for children’s PVT scores. There were no significant differences between 3- (M = 98.57, SD = 

12.08) and 4-year-old (M = 100.94, SD = 14.13) children’s scores on the PVT, t(52) = -.65, p = 

.520. For the HTKS, children in this sample scored a mean of 11.83 (out of 40; SD = 12.61) and 

the distribution demonstrated normal skew (.39) and kurtosis (-1.52). There were significant 

differences between 3- (M = 4.96, SD = 10.18) and 4-year-olds (M = 16.94, SD = 11.91) HTKS 

scores, t(52) = -3.88, p < .001, with 3-year-olds (N = 17) scoring at floor on the HTKS more 

frequently than 4-year-olds (N = 6). There were no differences in PVT scores (F(1,52) = 3.25,  

MSE = 167.83, p = .077) or HTKS scores across the two conditions.  

Table 1.1. Correlations between individual difference measures and task performance.  

Note. *p < .05, p < .01 

Did children learn about camouflage between pre- and post-test? An average score 

was created across 2 pre-test items for both the choice and open-ended justification questions. 

Overall children scored an average of .44 (SD = .39) on the choice questions and an average of 

.05 (SD = .13) on the justification questions. Only 1 child passed the pre-test (i.e., scored 1 on 

both choice questions and a 2 on both justification questions). This participant was excluded 

from further analysis as they already demonstrated an understanding on camouflage before the 

experiment.  

 1 2 3 4 5 6 7 

1. Age −       

2. PVT .19 −      

3. HTKS .55** .28* −     

4. Pre Choice .01 -.07 -.11 −    

5. Pre Justification .17 .13 .13 .10 −   

6. Post Choice/Placement -.03 .18 -.12 -.08 -.05 −  

7. Post Justification .26 .44** .37** -.18 .14 .48** − 
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For the post-test, an average score was calculated across both the choice and placement 

questions as well as an average score for the open-ended justifications for each of these 

questions. On the choice and placement questions, children scored an average of .68 (SD = .24). 

Children scored an average of .46 (SD = .62) for the open-ended justifications questions.  

Overall, children showed a significant improvement in understanding of camouflage from 

the pre- to post-test across both the choice/placement questions (t(51) = -3.86, p < .001) and the 

open-ended justification questions (t(52) = -4.98, p < .001). That said, notably, children were 

nowhere near ceiling in their performance.  

Did children’s learning about camouflage differ by condition? First, a one-way 

ANOVA was used to ensure that children’s pre-test understanding did not differ by condition. 

Results suggested that children in the guided play condition and direct instruction condition did 

not differ in performance on either the choice (Guided Play: M = .47, SD = .38; Direct 

Instruction: M = .42, SD = .41; F(1,51) = .21, MSE = .15, p = .653) or open-ended justification 

questions (Guided Play: M = .07, SD = .16; Direct Instruction: M = .02, SD = .07; F(1,51) = 1.82, 

MSE = .02, p = .183).  

In order to compare children’s learning across conditions, one-way ANOVAs were 

conducted with post-test choice/placement and justification performance as dependent variables. 

Children’s performance on the choice and placement questions did not differ between the guided 

play (M = .69, SD = .23) and direct instruction conditions (M = .66, SD = .25), F (1, 51) = .19, 

MSE = .06, p = .667. Children’s performance on the open-ended justifications questions also did 

not differ between guided play (M = .44, SD = .50) and direct instruction conditions (M = .48, SD 
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= .75), F(1, 52) = .05, MSE = .39, p = .826. Overall, there was no differences in learning at post-

test between the guided play and direct learning conditions. See Figure 1.1.    

What role did individual differences play in children’s learning? In order to begin 

understanding variability in children’s understanding of camouflage, I first examined the 

correlations between the individual difference measures (i.e., PVT & HTKS) and children’s post-

test performance, see Table 1.1. There were two parts of the post-test measure: the forced-choice 

choice/placement questions and the open-ended justification questions. For performance on the 

choice/placement questions, we saw no relations with any of the individual difference measures. 

In contrast, for the open-ended justification questions, children who were better at explaining 

why a particular animal did/did not camouflage at post-test were higher in verbal intelligence (r 

= .45, p = .001) and higher in executive function skills (r = .40, p = .002).  

We were also interested in determining if there were any differential learning effects 

from condition due to children’s PVT and HTKS scores. In order to determine how these 
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Figure 1.1. Children's average choice and justification question performance at pre- and post-

test by condition. 
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individual differences impacted their learning, a change score was created for each child by 

subtracting their pre-test score from their post-test score for the choice/placement questions and 

open-ended justification questions. Linear regression analyses were used to determine the 

interaction between condition and each of the individual difference measures on the post-test 

outcome variables. Condition was entered into the first block, individual difference measure in 

the second block, and the interaction between condition and individual difference measure was 

entered into the third block. Both PVT and HTKS scores were centered around their respective 

means.  

On the choice/placement questions, there were no significant main effects of condition in 

the first block (R2 = .002, F(1,50) = .09, MSE = .22, p = .768) or PVT in the second block (∆R2 = 

.02, F(2,49) = .48, MSE = .22, p = .625). Additionally, there was no significant interaction 

between condition and PVT for children’s performance on the choice/justification questions (∆R2 

= .11, F(3,48) = 2.37, MSE = .20, p = .082). A separate regression model also revealed no 

significant main effect of HTKS in the second block (∆R2 = .004, F(2,49) = .10, MSE = .23, p = 

.902) and no significant interaction between condition and HTKS (∆R2 = .15, F(3,48) = 2.76, 

MSE = .20, p = .052) on children’s choice/placement performance.  

For children’s performance on the justification questions, there was no significant main 

effect of condition in the first block (R2 = .003, F(1,51) = .170, MSE = .38, p = .682). However, 

the addition of PVT to the second block of the model significantly increased predictive power 

(∆R2 = .20, F(2,50) = 6.32, MSE = .31, p = .004), as did the interaction between condition and 

PVT in the third block (∆R2 = .05, F(3,49) = 5.29, MSE = .30, p = .003). In order to better 

understand the interaction between condition and PVT, separate regression models were 
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analyzed for the guided play and direct instruction conditions with PVT as a predictor of 

performance on justification questions. Results suggest that children were better able to explain 

why an animal camouflaged at post-test if they were higher in verbal intelligence, but only for 

the direct instruction condition (R2 = .36, F(1,22) = 12.49, MSE = .36, p = .002). PVT did not 

predict change in pre/post justification scores for children in the guided play condition (R2 = .03, 

F(1,27) = .85, MSE = .25, p = .364). Higher executive function skills also predicted greater 

change in children’s pre/post justification scores in the direct instruction condition (R2 = .24, 

F(1,22) = 6.77, MSE = .43, p = .016) and did not predict change in the guided play condition (R2 

= .02, F(1,27) = .44, MSE = .26,  p = .511).  

Discussion 

The purpose of this project was to determine the effectiveness of guided play and direct 

instruction on preschool-age children’s understanding of camouflage. Guided play was expected 

to be a more effective strategy for young children’s learning about science than direct 

instruction. However, results suggested no overall difference in children’s learning by condition: 

children significantly improved in their performance from pre-test to post-test in both conditions, 

but they were nowhere near ceiling performance overall. Both techniques seemed to be helpful in 

leading to some learning about camouflage.  

These findings raise interesting questions about the mechanisms by which guided play 

influences learning. Certainly, past research has found evidence that guided play can be more 

effective than direct instruction for learning about some topics, like shapes (e.g., Fisher, Hirsh-

Pasek, Newcombe, & Golinkoff, 2013). But there may be domain differences for which guided 

play is likely to be more effective than direct instruction for learning – in other words, perhaps 
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some topics are more easily learned through flexible guided play than others. In addition, the 

structure of guided play itself may differentially influence learning. For instance, Weisberg and 

colleagues (2016) point out that guided play can take at least two forms. One form of guided play 

is more similar to a museum exhibit: adults design a setting to emphasize a learning goal and let 

children have the autonomy to explore within that setting. Another form of guided play involves 

adult-child interaction where an adult directly scaffolds a child’s learning through watching the 

child and making comments, asking questions, encouraging a child to ask questions, or otherwise 

extending a child’s interests. On one hand, adult involvement at some level is necessary to 

scaffold children’s learning. On the other hand, Weisberg and colleagues note that if children are 

doing an activity because they feel like an adult wants them to, they can feel bribed and may lose 

interest (see also Lepper & Henderlong, 2000). Future research is needed to better understand 

how learning varies depending on the topic and the structure of the play.   

We also examined the role of individual difference measures on changes in children’s 

understanding of camouflage for the two types of questions: choice/placement and justification. 

Verbal intelligence and executive function skills did not relate to children’s performance on the 

choice/placement questions. In contrast, for the justification questions, which required children 

explaining the reasoning behind their choice, verbal intelligence and executive function predicted 

greater ability to explain camouflage at post-test only for children in the direct instruction 

condition, not in the guided play condition. This suggests that direct instruction about 

camouflage may be most effective for children with higher verbal and executive function skills, 

whereas guided play may be effective for children with a broader range of skills. That said, 

additional research is needed to replicate this finding.  
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Findings from this project suggest that experience with the concept of camouflage 

increases 3- and 4-year-old’s understanding of the topic, and children’s individual differences 

likely play a role in the effectiveness of different learning strategies. There are a few important 

limitations to note. First, the pandemic abruptly stopped data collection for this project, and 

because of ongoing restrictions for in-person research with children, we are unable to extend data 

collection for the foreseeable future. Future research will be needed to explore how guided play 

impacts in-person learning as well as whether children can experience something akin to guided 

play through online learning opportunities. Next, many of the 3-year-olds in this sample 

performed at floor on the measure of executive function. Future research should explore 

alternative measures of executive function to more accurately explore younger children’s 

executive function abilities. Finally, the current sample is largely white, educated, and high SES, 

thus future research should aim to explore guided play in a more diverse sample of children. That 

said, overall, this project supports that young children can learn about camouflage through 

guided play and direct instruction as well as suggests that individual differences in children’s 

verbal and executive function skills can influence the effectiveness of these techniques.  
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CHAPTER 2 

PROJECT 2 

Children ask a lot of questions about biological concepts in the early years. Specifically, 

children often ask many questions in an attempt to understand biological causal relationships 

(e.g., how a caterpillar turns into a butterfly; Brewer, Chinn, & Samarapungavan, 1998; Herrman 

et al., 2013; Keil, 2006; Rosengren et al., 1991; Wellman & Gelman, 1998; Hickling & 

Wellman, 2001). A central component of this kind of question is an interest in understanding 

how something happens – the process or mechanism that connects one thing to another (Legare, 

Wellman, & Gelman, 2009; Simons & Keil, 1995). For example, a simple causal relationship in 

biology is that sunlight brings about plant growth through the mechanism of photosynthesis.  

Generally, young children demonstrate an understanding that the things they observe are 

being caused by things they cannot see–  i.e., that there are underlying, internal mechanisms that 

play a role in biological causal relationships (Gopnik & Wellman, 2012; Gottfried & Gelman, 

2005). However, young children often lack knowledge about the specific mechanisms that are 

responsible for biological relationships (Gottfried & Gelman, 2005; Legare et al., 2009; Meunier 

& Cordier, 2009; Newman & Keil, 2008). In a study conducted by Legare and colleagues (2009), 

children were asked to explain how people became sick after hearing a number of vignettes. 

Children’s explanations for these events, although mechanistic in nature, were often inaccurate. 

For example, in response to a dog licking a piece of candy and someone eating it, one child 

provided an explanation suggesting the person became sick due to little animals from the dog’s 

saliva being transmitted into the person’s mouth. Although this child’s explanation demonstrates 

an understanding of an unseen mechanism, the specifics of that mechanism are inaccurate. 
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During the early years, it is clear that under certain circumstances children understand that 

biology is a process, however they lack specific knowledge about what characterizes causal 

change in the domain of biology.  

In order to gather more knowledge about biology, children must rely on explanations 

from others as causal mechanisms are difficult to observe and understand on one’s own. Despite 

understanding this and knowing that children have some level of causal understanding during the 

early years, little research has investigated how explanations contribute to the expansion of 

causal biological understanding at a young age. A big question remains: do young children prefer 

explanations from others that address a causal relationship over explanations that do not in the 

domain of biology? 

Explanations that address a causal relationship and provide the underlying process are 

referred to as mechanistic explanations (Kelemen, 2019; Kelemen, Callanan, Casler, & Pérez-

Granados, 2005; Kurkul, Castine, Leech, & Corriveau, 2021; Legare, Gelman, & Wellman, 

2010). For example, a child may ask how the sun helps plants grow and a mechanistic 

explanation would explain that the sun contributes to a process called photosynthesis that allows 

plants to turn water and carbon dioxide into food that eventually causes plant growth. Research 

suggests that some level of mechanistic understanding is important for scientific learning. 

Mechanistic knowledge allows for generalization of knowledge to other concepts and assists in 

evaluating the quality of scientific claims (Kelemen, 2019; Kurkul et al., 2021): both 

generalization and evaluation are important tools for learning and engaging in science. Past 

research suggests that young children demonstrate a preference for explanations that provide a 

mechanism over explanations that do not. Further, children tend to attribute greater knowledge to 
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individuals who provide them with mechanistic explanations than those who do not (Lockhart, 

Chuey, Kerr, & Keil, 2019).  

Although mechanistic explanations are the best type of explanations to address causal 

questions in the domain of biology, there are other types of explanations that children may be 

given by others. One such explanation is teleological explanations. Teleological explanations are 

those that suggest that a particular causal event serves a particular purpose or goal (Kelemen, 

1999; Kelemen, 2004; Kelemen et al., 2005). A teleological explanation to the question of how 

the sun helps a plant grow could be “The sun was made so that plants could use its light to 

grow.” Past research has suggested that children show an overwhelming preference for 

teleological explanations in certain circumstances (Banarjee & Bloom, 2015; Kelemen, 1999, 

2004; Kelemen et al., 2005; Kelemen & Dannemiller, 1999). Further, some researchers have 

theorized that teleological reasoning (i.e., classifying things and living entities for a particular 

purpose) acts a stepping stone to mechanistic reasoning (i.e., the process by which things or 

living entities reach an end result; Hatano & Inagaki, 1997; Inagaki & Hatano, 1993; Poling & 

Evans, 2002).  

Another type of explanation that children may receive from others is a circular 

explanation. Circular explanations repeat information posed in the question, thus mimicking 

informative explanations, without adding any new information to actually answer the question 

asked. In response to how the sun helps plants grow, a circular response could be, “The plant 

grows because the sun helps it grow.” Previous work with preschool-aged children has suggested 

that when circular and noncircular explanations are directly contrasted with each other, 

preschoolers show a preference for noncircular explanations. Further, preschoolers prefer to 
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learn new information from an informant that has previously provided them with noncircular 

explanations (Corriveau & Kurkul, 2014). In everyday life, though, children are not often given 

multiple explanations at once to compare which best answers their questions. Generally, children 

only receive one explanation when asking questions, so it is important that we further investigate 

children’s preference for noncircular over circular explanations in a way that more closely 

mimics everyday questions asking.  

Another common type of explanation children may experience in daily life are non-

explanations. Non-explanations are responses to questions that may be on topic but do not 

address the question asked. For example, a non-explanation in response to how the sun helps 

plants grown may be, “Oh yes I see that there are flowers here.” Some research has indicated that 

upwards of 69% of parent’s responses to their children are non-explanations (Frazier et al., 

2009). A study by Frazier and colleagues (2009, 2016) has suggested that children respond 

differently to non-explanations by re-asking their question or providing their own answer to the 

question, suggesting that some children understand that non-explanations do not adequately 

answer questions. Additional research is needed about children’s perceptions of non-

explanations given the bizarre nature of the stimuli used in this study (e.g., why did someone put 

ketchup on their ice cream) and due to the small number of children that actually reacted to the 

non-explanations in the first place.  

These different types of explanations (i.e., mechanistic, teleological, circular, and non-

explanations) highlight the great amount of variability in explanation quality children may 

receive from others in their attempts to learn about the biological world. If children are unable to 

discern between good and bad explanations to their questions, this could have a large impact on 
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the quality of children’s informal science learning. The following studies aimed to investigate 

children’s preferences for different quality explanations about biological causal events in order to 

understand how children make sense of biological causal information. Further, these two studies 

evaluated how children’s explanation preferences related to a number of individual differences. 

In Experiment 1, 4-, 5-, and 6-year-old children rated different quality explanations for how 

questions about biological causal relationships (e.g., how a caterpillar changes into a butterfly). 

In Experiment 2, 4- and 5-year-olds sorted explanations into boxes based on how helpful or not 

helpful they were at answering how questions. For both experiments, I predicted that children 

would not indiscriminately accept all explanations they were given as good in quality. I predicted 

that even young children would have some sense that explanations with mechanisms are better 

that those without. 

In addition, I explored two measures of individual differences in both studies. First, there 

is evidence that biological knowledge relies heavily on previous experiences, where children use 

these experiences to form expectations regarding future events they encounter (Meunier & 

Cordier, 2009; Zaitchik, Iqbal, & Carey, 2014). Thus, a measure of children’s general biological 

knowledge was included to determine if children’s evaluation of biological explanations also 

relied heavily on prior biological knowledge. Second, evidence suggests that elementary school-

aged children with higher verbal intelligence are more skeptical about circular explanations (see 

Mills et al., 2017; Mills et al., 2019); therefore, a brief measure of verbal intelligence was 

included to examine how verbal intelligence relates to explanation evaluation in young children.  
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Experiment 1 

Method 

Participants. Participants were 67 4-, 5-, and 6-year-olds recruited from preschools, the 

local community, and through a university-based research credit website. Eight children were 

excluded from data analysis due to experimenter error (N = 1), interruptions during testing (N = 

2), child asking to withdraw (N = 1), child suspected of being 3-years-old (N = 1), children not 

attending to the experimental task (N = 2), and another child identified as an outlier (discussed 

below). Thus, the final sample included 20 4-year-olds (M = 4.57, SD = .27; 8 females), 20 5-

year-olds (M = 5.32, SD = .29; 10 females), and 19 6-year-olds (M = 6.56, SD = .33; 11 females). 

For demographic data, see Appendix A.  

Prior to participation, children’s parents or legal guardians provided informed consent. 

After completing the study session, children were given a small prize, stickers, and a certificate. 

Families who traveled to the campus laboratory to participate were given a $10 gift card. 

Materials. Children were given a set of six items about causal relationships in the 

domain of biology that had been piloted previously. Four response types were created for each 

item (mechanistic explanation, teleological explanation, circular explanation, and non-

explanation) and were piloted with adults to make sure that the distinction between these 

explanation types were made in adults. See Table 2.1 for all items and explanations. 

Children were also given black and white drawings of animals and simple line drawings 

of informants to support them during testing. Informant drawings differed in shirt color to 

differentiate each informant without providing any biasing information to children about 
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informants’ characteristics. The presentation of each informant was randomized throughout 

testing so that each informant was not always paired with a specific type of explanation.  

Table 2.1. Test Questions and Explanations for Project 2 Experiment 1. 

Question Mechanistic Teleological Circular Non-Explanation 

How does a 

caterpillar 

change into a 

butterfly? 

The caterpillar 

creates a cocoon 

where the 

caterpillar’s body 

separates into 

smaller pieces and a 
new body grows 

from that so that it 

can be butterfly. 

The caterpillar 

grows older and it 

changes into a 

butterfly so that it 

can fly from place 

to place. 

The caterpillar 

grows much older 

and the caterpillar 

changes so that it 

turns into a 

butterfly. 

The caterpillar 

has 12 eyes, with 

6 tiny eyes on 

each side of the 

caterpillar’s head. 

How does a 

chameleon 

change 

colors? 

The chameleon has 

layers of different 

colored skin cells 

and can send signals 

to those cells to 

change colors when 

its scared so it 
cannot be seen. 

The chameleon 

changes colors 

when it sees an 

animal that could 

hurt it so that it 

can live a lot 

longer. 

The chameleon 

changes its skin 

colors so that 

other animals that 

could hurt it will 

not see the 

chameleon. 

The chameleon 

catches food by 

shooting its 

tongue out of its 

mouth and 

wrapping it 

around its food. 

How does 

making 

sounds help 

the bat find 

the bugs for 

food? 

The bat makes 

sounds that bounce 

off bugs and come 

back to it so it can 

tell how far away the 

bugs are that it wants 

to eat. 

The bat uses 

sounds in the dark 

to find bugs to eat 

so that it won’t be 

hungry. 

The bat makes 

sounds so that the 

bat can find bugs 

in the dark to eat 

for food. 

The bat can fly 

for a very long 

time at night and 

can live for over 

20 years. 

How does 
using its gills 

help a fish get 

oxygen? 

The fish takes water 
into its mouth and 

pushes it out through 

its gills, where tubes 

called veins collect 

oxygen so the fish 

can breathe. 

The fish uses its 
gills to get 

oxygen 

underwater so 

that it can stay 

alive. 

The fish can use 
its gills 

underwater so 

that it can get 

oxygen while 

underwater. 

The fish travels 
around the ocean 

in schools with 

other fish that 

look like it. 

How does the 

jellyfish sting 

other animals 

with its 

tentacles? 

The jellyfish’s 

tentacles put a 

poison into other 

animals when it 

touches them so that 
the other animals 

feel a sting. 

The jellyfish uses 

its tentacles to 

sting other 

animals so that 

the jellyfish can 
protect itself from 

harm. 

The jellyfish uses 

its many tentacles 

so that it can 

sting other 

animals. 

The jellyfish is a 

clear color and 

can be hard to see 

in the ocean 

water. 
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How does a 

cheetah run 

really fast? 

The cheetah has a 

long and stretchy 

backbone that 

pushes it forward so 
the cheetah can run 

really fast. 

The cheetah runs 

really fast so that 

it can catch an 

animal that it can 
eat. 

The cheetah runs 

and runs so that it 

can go really, 

really fast. 

The cheetah 

hides in the tall 

grass when it’s 

hunting for its 
food. 

 

Procedure. Children were either tested in a quiet room at their preschool or a research 

lab at the University of Texas at Dallas. Children began with the introduction phase where they 

were introduced to a girl named Sally who wanted help figuring out which responses she was 

given best helped answer her questions. Children were shown a 3-point Likert scale to indicate 

how helpful they thought the responses were in answering Sally’s questions. The words “Not at 

all, A little, A lot” were each written in a table from left to right to serve as points of the scale. 

“A lot” indicated a helpful explanation, ‘a little’ indicated a moderately helpful explanation, and 

“not at all” indicated an unhelpful explanation. Children were explained the meaning of each 

point of the scale and were asked a few questions to confirm understanding of the scale. Children 

were corrected if they mislabeled the scale’s points.  

Children then completed a training phase designed to familiarize them with the 

experimental task using a different domain (i.e., physical causality). Children were shown one 

training item with a mechanistic explanation and a non-explanation. Feedback was not given to 

children based on performance on this training item. 

During the testing phase, children were given each of the six items and the four 

explanations for each item. Children were presented with a drawing of an animal and told that 

Sally saw something happen with that particular animal and she had a question about it. The 

experimenter then told children the response each of the four informants gave to Sally to try and 
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answer her question. Children were prompted to rate the helpfulness of each explanation on the 

3-point Likert scale. The order of the explanations for each animal and the order of the animals 

overall were counterbalanced.  

In the check phase, children were given four items that were designed to be easy to 

answer correctly to confirm that children were willing and able to use the extent of the Likert 

scale. The items were structured like the test items except that each question was only paired 

with one explanation. Two of the test items were designed to be clearly good answers to Sally’s 

questions and the other two items were designed to be clearly poor answers to Sally’s questions. 

See Table 2.2 for check items.  

Table 2.2. Check Questions and Explanations for Project 2 Experiment 1 and Experiment 2 

. 

Finally, in the individual differences phase, children completed the biological knowledge 

test (BKT) and the picture vocabulary test (PVT; see page 10 for task description). The BKT was 

created by Zaitchik et al. (2014) and two subscales were used for the purposes of the current 

project: the animism subscale and the body parts subscale. The animism subscale evaluated what 

children understand about what it means to be alive and what entities are living or not living. The 

body parts subscale evaluates children’s understanding of different body parts and their 

functions. The BKT for each child was transcribed and coded using the guide created by Zaitchik 

et al. (2014). Children could score between -1 and 19, where -1 indicated a failure to differentiate 

Category Question Explanation 

Good How does a dog act once 

it realizes it is tired? 

The dog lays down and closes its eyes so that it 

can go to sleep. 

Good How does a cat get its 

food out of its bowl? 

The cat uses its mouth and its tongue so it can 

pick food up out of its bowl. 

Poor How do birds find nuts to 

eat? 

The paper is crumpled up into a ball and 

thrown away so the room can be clean. 

Poor How do bears get honey to 

eat? 

People go to the car mechanic to get their 

broken cars fixed so they can keep driving. 
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existence from living. For the body part subscale, children could score between 0 and 25 and 

points were awarded for appropriately assigning the correct function for each body part and for 

demonstrating understanding that the body is a system of parts to sustain life. Previous research 

has determined this scale to be sensitive to variable biological understanding in young children 

(Zaitchik et al., 2014). Two coders independently coded 30% of the transcripts. Comparisons of 

the coded transcripts suggests that agreement was 94.7%. 

Results 

Preliminary analyses. Preliminary analyses focused on examining the individual 

difference measures for outliers or deviations from normality. For the measure of verbal 

intelligence (PVT), the tablet application provides a normed score where the mean of the 

population is 100 and the standard deviation is 15. Initial analysis indicated a problem with 

kurtosis at 2.75; an extreme outlier of 163 from was omitted further analyses. The mean for PVT 

across all children was M = 111.80, SD = 11.44. Four-year-olds had a mean PVT score of 110.95 

(SD = 8.35), 5-year-olds had a mean PVT score of 106.20 (SD = 11.93), and 6-year-olds had a 

mean PVT score of 118.58 (SD = 10.66). A one-way ANOVA examining the differences in PVT 

by age group revealed a significant difference in PVT across the three age groups, F(2, 56) = 

6.98, MSE = 108.44, p = .002, with a post-hoc Tukey analysis showing that our sample of 6-

year-olds were higher in verbal intelligence than our 5-year-old age group (p = .001). Because 

children’s standardized PVT scores differed significantly across age groups, PVT scores were 

included as a covariate in our primary analyses to control for differences in age group as a 

function of verbal intelligence. 
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 Children’s performance on the BKT ranged from -1 to 31, and tests of normality 

suggested normal skewness of .82 and kurtosis of 1.04. Additionally, the subscales of the BKT 

of animism and body parts correlated at .45 (p < .001) suggesting that both subscales contribute 

to the greater concept of naïve biological knowledge. Thus, for the remaining analyses we will 

be referring to the total BKT score. Collapsing across age, children’s average BKT score was 

10.80 (SD = 6.21). Four-year-olds scored an average of 9.10 (SD = 4.77), 5-year-olds an average 

of 8.05 (SD = 4.12), and 6-year-olds an average of 15.25 (SD = 6.94).  

Did children rate the explanation types differently? In order to assess how children in 

different age groups rated each explanation type, we conducted a 3 (Age Group: 4-, 5-, & 6-year-

olds) x 4 (Explanation type: Mechanistic, Teleological, Circular, & Non-Explanation) mixed 

measures ANCOVA with children’s centered PVT score as a covariate.  

From this analysis, there was a significant main effect of explanation type, F(3,165) = 

11.45, MSE = .13, p < .001, suggesting that controlling for verbal intelligence and collapsing 

across age groups, children were able to differentiate the quality of the four explanation types. 

Importantly, though, there was a significant interaction between explanation type and age group, 

F(6,165) = 9.31, MSE = .13, p < .001 (see Figure 2.1). Investigation of the estimated marginal 

means suggested that there was not a significant main effect of explanation type for either 4- or 

5-year-olds, F(3,54) = 1.52, MSE = .13, p = .223 and F(3,54) = 2.47, MSE = .08, p = .073 

respectively. On average, 4- and 5-year-olds viewed all explanation types as answering Sally’s 

questions somewhere between a little and a lot.   

There was a significant main effect of explanation type for 6-year-olds, F(3,51) = 13.9, 

MSE = .17, p < .001. Pairwise comparisons revealed that 6-year-olds rated mechanistic 
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explanations higher in quality than the other three explanation types (ps < .007), rating these 

answers to Sally’s question somewhere between a little and a lot. They rated non-explanations as 

significantly lower in quality than the other explanation types (ps < .01), ratings these answers to 

Sally’s question somewhere between a little and not at all. Ratings for teleological and circular 

explanations did not differ.  

Individual differences. It is important to note that there was a large amount of variability 

in how children rated each explanation type. In order to begin to understand this variability, we 

first examined the correlates of children’s ratings on each of the 4 explanation types (see 

Appendix C). Higher ratings of mechanistic explanations were linked with greater age, higher 

PVT, and higher BKT. A similar pattern was found for evaluations of the quality of non-

explanations: lower ratings for non-explanations were linked with greater age, higher BKT, and 

marginally linked with higher PVT. Interestingly, no factors linked to ratings of teleological 

explanations and only one factor – age – marginally linked to ratings for circular explanations. 
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Figure 2.1. Children’s average rating of each explanation type in Experiment 1. Error bars 

represent 95% confidence intervals.  
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Thus, subsequent analyses focus on further investigating the role of individual differences in 

children’s ratings of mechanistic explanations and non-explanations. Given the strong 

correlations with explanation ratings and age, we chose to examine if age is primarily driving 

changes in explanation evaluation for these two types of responses or if PVT and/or BKT play a 

significant role in this process beyond age.  

A multiple linear regression analysis was conducted with age in the first block and PVT 

and BKT in the second block to determine the effects of verbal intelligence and biological 

knowledge over the influence of age. Age was a significant predictor of children’s ratings of the 

mechanistic explanations, (R2 = .18, 90% CI [.05, .34], F(1, 57) = 12.647, MSE = .24, p = .001; b 

= .262, 95% CI [.261, .263], SE = .07, p = .001). The addition of PVT and BKT to the model did 

not significantly increase predictive power (R2 = .05, p = .173; R2 = .23, 90% CI [.06, .37], F(3, 

55) = 5.54, MSE = .23, p = .002). This implies that verbal intelligence and biological knowledge 

do not predict ratings of mechanistic explanations above and beyond the effect of age.  

Similar results were found for non-explanations: age was a significant predictor of 

children’s ratings of the non-explanations, (R2 = .34, 90% CI [.17, .50], F(1, 57) = 29.24, MSE = 

.21, p < .001; b = -.376, 95% CI [-.377, -.375], SE = .07, p = .001), but the addition of PVT and 

BKT to the model did not significantly increase predictive power (R2 = .03, p = .308; R2 = .37, 

90% CI [.17, .51], F(3, 55) = 10.62, MSE = .21, p < .001). Thus, in this study, verbal intelligence 

and biological knowledge did not predict ratings of either mechanistic explanations or non-

explanations above and beyond the effects of age.  

 Check items. In order to examine children’s understanding of the rating scale, we 

examined if children rated the clearly good check items as better than the clearly poor check 
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items. Overall, 33 children (out of 59; 55.9%) rated the clearly good check questions as better at 

answering Sally’s questions than the clearly poor check questions. When broken down by age 

group, seven 4-year-olds (out of 20; 35%) rated the clearly good explanations higher than the 

clearly poor explanations, but on average, 4-year-olds did not distinguish between the clearly 

good (M = 1.23, SD = .75) and clearly poor (M = 1.23, SD = .77) explanations, t(19) = 0, p = 

1.00. For the 5-year-old age group, 9 children (out of 20; 45%) rated the clearly good 

explanations higher than the clearly poor explanations, and on average, 5-year-olds were able to 

distinguish between the clearly good (M = 1.28, SD = .68) and clearly poor explanations (M = 

.95, SD = .74), t(19) = 2.37, p = .028. Finally, 17 6-year-olds (out of 19; 89.47%) rated the 

clearly good explanations higher than the clearly poor explanations, and 6-year-olds were also 

able to distinguish between clearly good (M = 1.40, SD = .66) and clearly poor explanations (M 

= .08, SD = .19), t(18) = 7.66, p < .001. On average, it seems that 6-year-olds understood how to 

use the scale. In contrast, performance was more mixed for 4-year-olds, and, to some extent, 5-

year-olds.   

To examine possible differences between children who performed well on check items 

and children who performed poorly, we compared the two groups (collapsed across age) on PVT 

and BKT. There were no significant differences, ts < 1.8, ps > .078. We also investigated 

differences in how children rated the different explanation types during the test phase as a 

function of their check performance. Children who performed well on the check items gave 

higher ratings to mechanistic explanations and lower ratings to the non-explanations in 

comparison to children who performed poorly on the check items, ps < .022. There was no 
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difference in ratings for the teleological and circular explanations between children who 

performed well and those that performed poorly on the check items, ps > .208. 

Discussion 

The purpose of this study was to understand what children were willing to accept as a 

reasonable explanation for questions about biological causal events. Overall, there were age 

differences in children’s ability to distinguish between the four types of explanations. Four- and 

5-year-old children did not show differences in ratings across any of the 4 explanation types, 

rating all explanations somewhere between a little and a lot helpful at answering the questions. 

Six-year-olds, on the other hand, seemed to have more sophisticated explanation evaluation 

skills, recognizing that mechanistic explanations were most appropriate and non-explanations 

were least appropriate at answering how questions.  

Teleological and circular explanations were generally seen as “a little” helpful at 

answering the questions by children in this study, and for the most part, individual difference 

measures (age, PVT, and BKT) did not relate to children’s ratings for these two types of 

explanations. We think these findings are tapping into the fact that young children hear both 

teleological and circular explanations from their caregivers (Kelemen et al., 2005; Kurkul & 

Corriveau, 2018), and these explanations are often seen as better than no explanation at all (e.g., 

non-explanations). There is also some evidence that even 6-year-olds can have trouble rating 

circular explanations as objectively weak, although if they are forced to choose between a 

circular explanation and a noncircular one, they choose a noncircular one as better in quality 

(Mills et al., 2017). Here, children were not forced to choose one explanation as best, and thus to 

them, teleological and circular explanations may seem just fine in this context. Importantly, 
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though, at least the 6-year-olds in the current work recognized that in response to how questions, 

mechanistic explanations were higher in quality than the other types of explanations.  

A major question remains from this study: what do 4- and 5-year-olds understand about 

variability in explanation quality? The current findings suggest they may have limited 

understanding: although a few 4- and 5-year-olds assigned higher ratings to mechanistic 

explanations than non-explanations (6 4-year-olds, 9 5-year-olds), the majority of these children 

did not. Our initial speculation regarding this finding was that variability in biological knowledge 

and/or verbal intelligence might explain differences in how children rated the explanations. Both 

verbal intelligence and biological knowledge were significantly correlated with children’s ratings 

of both mechanistic and non-explanations, but neither of these variables significantly predicted 

children’s ratings during the test trials over and above the effect of age.  

Next, we investigated the possibility that variation in understanding of the rating scale 

might explain some these findings. Upon reviewing the check questions, it became clear that 

although some 4- and 5-year-olds effectively used the scale to distinguish between helpful 

answers to the questions and not helpful ones, many of them did not. Moreover, children who 

performed better on the check questions better evaluated mechanistic explanations and non-

explanations.  It is possible, then, that using the rating scale was challenging for 4- and 5-year-

olds in general, and only a subset were able to effectively understand and utilize the scale here.  

That said, it is also possible that 4- and 5-year-olds thought that most or all of these 

responses were perfectly adequate. Although there is some research supporting that preschool-

age children respond differently to non-explanations and mechanistic explanations, it is 

important to note that this research involves children listening to questions and explanations in 
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an everyday situational domain instead of a biological one (e.g., turning on a light switch with 

one’s foot), and that a large number of children did not distinguish between the different types of 

responses (Frazier et al., 2009). Thus, far less is known about how preschool-age children make 

sense of explanations and non-explanations in the biological domain.  

To better understand how 4- and 5-year-olds evaluate biological explanations, we made 

three significant changes in Experiment 2. First, we focused on mechanistic explanations and 

non-explanations for this study, given that those were the types of explanations that 6-year-olds 

distinguished between the most in Experiment 1. Second, instead of using a rating scale, we 

created a simplified sorting task where children could sort explanations as being helpful or not 

helpful at answering questions. We hypothesized that with this simplified experimental design, 

4- and 5-year-old children would be better able to evaluate explanation quality, and that 

biological knowledge and verbal ability might also contribute to children’s success at this task. 

Third, we also included questions and explanations involving everyday situational causal 

relationships similar to those used in Frazier et al. (2009) to determine if 4- and 5-year-old 

children’s difficulty in recognizing explanation quality was specific to the domain of biology or 

if it was applicable to domains where children were expected to have higher prior knowledge. 

Experiment 2  

Method 

Participants. Participants were 64 4- and 5-year-olds that were recruited from local 

preschools as well as through a university-based research credit website. Six participants were 

excluded because difficulty understanding the English language (N = 1) and difficulty attending 

to the experimental task (N = 5). The final sample for this study was 58 4- and 5-year-old 
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children. Specifically, there were 32 4-year-olds (M = 4.50, SD = .28, 19 Females) and 26 5-

year-olds (M = 5.36, SD = .25, 13 Females). For demographic data, see Appendix A. 

Prior to participation, children’s parents or legal guardians provided informed consent. 

After completing the study session, children were given a small prize, stickers, and a certificate. 

Families who traveled to the campus laboratory to participate were given a $10 gift card. 

 Materials. For Experiment 2, children completed a sorting task with mechanistic 

explanations and non-explanations, where they could sort explanations into one of two white 

boxes. One box had a label of “Helpful” on it and the other had a label of “Not Helpful.” 

Between the two boxes was a line drawing of a girl named Sally that was a referent for the 

individual asking the questions about animals. The side each box was placed on was 

counterbalanced. Finally, children were given small cards that had Sally’s question and either the 

mechanistic or non-explanation to that question on the card.  

For Experiment 2, children received eight how biological causal questions and eight how 

situational causal questions. Each item had both a mechanistic explanation and non-explanation 

to answer that question; however, children were only offered one explanation per question during 

the experiment. Which explanation was offered for each question was counterbalanced. The 

biological items used in this study were adapted from Experiment 1 and the situational causal 

items were observable causal events that were adapted from Frazier et al. (2009). See Table 2.3 

for items. 

 Table 2.3. Test Items and Explanations for Project 2 Experiment 2. 

Item Type  Question Mechanistic Explanation Non-Explanation 



 

37 

Biological How does a 

caterpillar 

change into a 

butterfly? 

The caterpillar creates a 

cocoon where the caterpillar’s 

body separates into smaller 

pieces and a new body grows 
from that so that it can be a 

butterfly. 

The caterpillar lives mostly in 

bushes and is often found in a 

garden where it stays on the 

underside of leaves of plants to 
hide. 

Biological How does a 

chameleon 
change colors? 

The chameleon has layers of 

different colored skin cells 
and can send signals to those 

cells to change colors when 

its scared so it cannot be seen. 

The chameleon usually eats 

green vegetables and large 
insects that the chameleon can 

catch by shooting its tongue out 

of its mouth and wrapping its 

tongue around the insects. 

Biological How does 

making sounds 
help the bat find 

the bugs for 

food? 

The bat makes sounds that 

bounce off bugs and come 
back to it so it can tell how far 

away the bugs are that it 

wants to eat. 

The bat hangs by its feet and 

sleeps upside down with its 
wings curled tightly around its 

body to stay warm in the cold 

caves. 

Biological How does using 

its gills help a 

fish get oxygen? 

The fish takes water into its 

mouth and pushes it out 

through its gills, where tubes 

called veins collect oxygen so 

the fish can breathe. 

The fish has many kinds of fins 

that help it move around in all 

directions, but most fish cannot 

swim backwards. 

Biological How does the 

jellyfish sting 

other animals 

with its 
tentacles? 

The jellyfish's tentacles put a 

poison into other animals 

when it touches them so that 

the other animals feel a sting. 

The jellyfish eats fish eggs and 

plants and is a clear color which 

makes it hard to see in ocean 

water. 

Biological How does a 

cheetah run 

really fast? 

The cheetah has a long and 

stretchy backbone that pushes 

it forward so the cheetah can 

run really fast. 

The cheetah has black skin 

around their eyes that help them 

see better when the sun is 

shining really bright. 

Biological How does 

panting help the 

dog stay cool? 

The dog's tongue gets cold 

when it pants and sends cold 

air to the rest of its body so 

the dog can cool down. 

The dog wags its long tail when 

it is excited and playing and he 

likes to bark really loudly to get 

his owners attention. 
 

Biological How does the 

camel survive 

without food or 

water? 

The camel has a hump full of 

fat, and this fat turns into 

energy so the camel can 

survive without stopping for 

food or water. 

The camel has three special 

eyelids that protects its eyes from 

the blowing sand in the desert 

while still allowing it to see. 
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Situational How did the 

phone get stuck 

to the table? 

The phone was put down in 

some glue that had spilled on 

the table so Sally cannot pick 

it up. 

The phone has a really big screen 

to look at and plays a fun song 

whenever someone is calling her. 

Situational How did the can 

get crushed? 

The can that was sitting in the 

driveway was run over by 

Sally's dad's car so now it is 

crushed. 

The can was full of very cold 

orange juice for when Sally got 

thirsty and needed to drink 

something refreshing. 

Situational How did the 

floor get covered 

in paw prints? 

The mud came from Sally's 

dog who was playing in mud 

so when he came inside, he 

got muddy paw prints on the 

floor. 

The mud prints on the floor can 

be cleaned up by mopping the 

muddy floor with a mop that is 

soaked in soapy water. 

Situational How did the 

pizza disappear 

from the fridge? 

The pizza was in the 

refrigerator and Sally's dad 

was hungry so when he saw 

her pizza, he ate it. 

The pizza was covered in some 

tomato sauce, a lot of cheese, 

and pepperoni and was baked in 

the oven. 

Situational How are all the 

crayons in the 

box the same 

color? 

The sorting machine that puts 

the crayons in boxes was 

broken so it put all the same 

color crayons in one box. 

The crayons are made from wax 

that is melted and poured into 

molds to make it the right shape. 

Situational How did the hat 

get a hole in it? 

The hat had a hole cut into it 

with some scissors so that 

someone could put their 

ponytail through the hole. 

The hat is a dark blue color with 

a lot of tiny red strips and is 

made out of cotton. 

Situational How does this 

puzzle have 

pieces that do 

not fit?  

The puzzle pieces were mixed 

with pieces from a different 

puzzle so they did not fit in 

the puzzle she was doing. 

The puzzle is a picture of a beach 

with colorful beach towels and a 

family building a sand castle 

together. 

Situational How did the bed 

end up outside of 

the house? 

The bed was carried out the 

front door by Sally's 

neighbors so they could make 

room for a new bed. 

The bed is made up of a frame 

and a mattress and is nice to lay 

on and go to sleep. 

Procedure. For the introduction phase, children were introduced to Sally and were told 

that they needed to help Sally figure out which answers helped answer her questions or did not 

help answer her questions. They were told the labels of the boxes and that if the answer helped 

answer Sally’s question, the card should be put into the “helpful” box and if it did not help 

answer Sally’s question, the card should be put into the “not helpful” box. The experimenter then 
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confirmed that children understood the box labels and gave children feedback if they were 

incorrect.  

In the demonstration phase, children were shown how to do the task by the experimenter 

with items related to physical causality. Children heard a question and then a mechanistic 

response to that question. Then the experimenter would put that card into the “helpful” box and 

explain why. Children would then hear another question and a non-explanation, then the 

experimenter would place that card into the “not helpful” box and explain why. In the practice 

phase, children did the same thing as the demonstration phrase with 2 items (one with a 

mechanistic explanation and the other with a non-explanation), however, in the practice phase 

children completed the task instead of the experimenter. Children were corrected if they placed 

an explanation in the wrong box.  

For the test phase, all explanation cards (8 biological and 8 situational causal items), were 

randomly spread between the two boxes. Children chose a card, the experimenter read the child 

the question and either the mechanistic explanation or non-explanation to answer that question, 

and then children would put the explanation in either the “helpful” or “not helpful” box. To 

motivate children, children were told that they would get a sticker for every card they sorted 

correctly. Following the experimental task, children were given the same four check items as 

Experiment 1 that they had to sort into the boxes. Finally, for the individual differences phase 

children completed both the PVT and BKT.  

Results 

Preliminary analyses. Preliminary analyses were conducted in order to explore the 

individual difference measures for outliers and deviations from normality. Children in this 
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sample were higher than average in verbal intelligence, M = 106.52, SD = 12.23. Overall, 

analyses of normality suggested that both skewness (.03) and kurtosis (-.67) of children’s PVT 

scores were normal.  

For the BKT, children’s scores ranged from 1 to 25. Children’s average BKT score was 

M = 7.88, SD = 4.86. Tests of normality suggested that skewness was normal (1.13), but there 

were issues with kurtosis (1.42) for this sample. Further investigation revealed an outlier of 25. 

Despite the fact that this score was considered an outlier for this particular sample, we decided 

not to exclude this participant as this survey has a ceiling score of 44 and the score of 25 is well 

beneath ceiling on this particular task.  

Did children sort the mechanistic explanations and non-explanations differently? In 

order to examine children’s performance on the explanation sorting task, we calculated a 

proportion of cards per item type (out of 4) that were correctly sorted (i.e., mechanistic 

explanations into the helpful box; non-explanations into the not helpful box).  

Because age was a significant predictor of children’s explanation ratings in Experiment 1, 

initial analyses focused on age differences. One-way ANOVA analyses for sorting accuracy of 

each explanation type were conducted with age group as the independent variable. There were no 

significant differences in sorting accuracy between 4- and 5-year-olds with the exception of 

situational mechanistic items, F(1,56) = 9.55, MSE = .09, p = .003. For the situational 

mechanistic items, 5-year-olds sorted the explanations into the helpful box significantly above 

chance (t(25) = 5.00, p < .001), whereas the 4-year-olds did not sort this explanation type as 

helpful above chance (t(31) = .14, p = .893). Since there were no other differences between age 

groups, we collapsed across 4- and 5-year-olds for subsequent analyses.  
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Figure 2.2 illustrates the proportion of items (out of 4) children sorted into the helpful 

box. Inspection of the graph suggests that, on average, children frequently sorted explanations 

into the helpful box across explanation types and domains. Thus, children may have shown a 

bias to see explanations as helpful, even if they did not always address the question that was 

being asked. We further investigate children’s sorting behavior for each explanation type below.    

 

Figure 2.2. Proportion of items (out of 4) sorted into the helpful box in Experiment 2. Error bars 

represent 95% confidence intervals (Chance = 50%). 

   

For the situational items, children sorted the mechanistic explanations into the helpful 

box (M = 61.64%, SD = 31.84%; t(57) = 2.78, p = .007) and the non-explanations into the not 

helpful box (M = 68.53%, SD = 33.95%; t(57) = 4.16, p < .001) at rates significantly greater than 

chance. Children’s sorting accuracy did not significantly differ between non-explanations and 

mechanistic explanations, t(57) = -1.15, p = .257. Overall, this suggests that children recognized 
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that mechanistic explanations were helpful answers and non-explanations were not helpful 

answers to questions about situational causality.  

For the biological items, children correctly sorted the mechanistic explanations into the 

helpful box at greater than chance levels (M = 71.55%, SD = 31.57%; t(57) = 5.20, p < .001). In 

contrast, children did not sort the non-explanations into the not helpful box at rates greater than 

chance (M = 46.12%, SD = 33.71%; t(57) = -.88, p = .384). Overall, children were significantly 

more accurate in sorting the biological mechanistic explanations than in sorting the biological 

non-explanations, t(57) = 4.09, p < .001. This suggests that although children were able to 

recognize that mechanistic explanations were helpful answers about biological causality, they 

were more mixed in how they evaluated the non-explanations.   

Do children rate situational and biological items differently? To examine whether 

children’s ability to evaluate different quality explanations differed by domain, we compared 

children’s proportion of correctly sorted items between situational and biological items using 

paired samples t-tests. Children sorted mechanistic explanations into the helpful box more often 

for the biological items than the situational items, t(57) = -2.02, p = .048. In contrast, children 

sorted the non-explanations into the not helpful box less often for the biological items than the 

situational items, t(57) = 5.17, p < .001. These results suggest that children were better able to 

evaluate the quality of mechanistic explanations when they were in the biological domain and 

better able to evaluate the quality of non-explanations when they were in the situational domain.  

Individual differences. Although on average we see the aforementioned patterns in 

children’s explanation sorting, it is important to note that there was a lot of variability in 

children’s performance on this task. We first examined the correlations between children’s 
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sorting accuracy on each of the four explanation types with age, verbal intelligence, and 

biological knowledge (see Appendix C). Accuracy in sorting both types of situational 

responses—mechanistic explanation and non-explanations—correlated with greater age and 

higher BKT scores. Higher accuracy in sorting biological mechanistic explanations was not 

significantly correlated with any of the individual difference measures. Finally, higher accuracy 

in sorting biological non-explanations was significantly correlated with both higher PVT and 

BKT. 

Given that both PVT and BKT predicted children’s sorting accuracy for the biological 

non-explanations, we conducted a multiple linear regression analysis with PVT and BKT in the 

same block to explore which of these individual difference measures contributed more heavily to 

children’s accuracy in sorting the biological non-explanations. Overall, the analysis was 

statistically significant, R2 = .15, 90% CI [.02, .30], F(2, 55) = 4.92, MSE = .10, p = .011. 

However, when looking at the regression coefficients neither PVT (b = .01, 95% CI [-.003, .01], 

SE = .01, p = .210) nor BKT (b = .02, 95% CI [-.001, .04], SE = .01, p = .067) had significant 

regression coefficients, although we note that biological knowledge trended towards 

significance. At this point, the data suggests that verbal intelligence and biological knowledge 

were too highly correlated in this sample to distinguish individual effects, r = .49, p < .001.  

Check items.  For the check items, children who understood the scale were expected to 

sort the clearly good items into the helpful box and the clearly poor items into the not helpful 

box. For the current sample, children were 71.55% correct (SD = 37.59%) in sorting the clearly 

good explanations into the helpful box, which was statistically greater than chance (t(57) = 4.37, 

p < .001). For the clearly poor post-test items, children were 63.79% (SD = 39.51%) correct in 
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sorting the clearly poor explanations into the not helpful box, which was significantly different 

from chance (t(57) = 2.66, p = .010).  

Although children sorted the clearly poor check items correctly at rates greater than 

chance, they were by no means near ceiling. The fact that a number of the children sorted poor 

explanations, which were on an entirely different topic than the questions (e.g., a question about 

how birds find nuts to eat was answered with a response about throwing away paper), into the 

helpful box suggested that those children were approaching the sorting task throughout the 

experiment very differently from children who sorted accurately. 

To explore this issue, we separated our sample into two groups: those who were ‘good 

check sorters’ (i.e., correctly sorted 3-4 of the 4 check items) and ‘poor check sorters’ (i.e., 

correctly sorted 0-2 of the 4 check items). There were 37 children who were considered ‘good 

check sorters’ and 21 children who were considered ‘poor check sorters’. To better understand 

how the good and poor check sorters differed, an independent samples t-test was used to 

compare the two groups on age, verbal intelligence, and biological knowledge. Children who 

were good and poor check sorters did not differ across age or PVT (ps > .423; for means, see 

Appendix E). However, good check sorters scored significantly higher on the BKT (M = 8.89, 

SD = 5.21) than poor check sorters (M = 6.10, SD = 3.62; t(56) = -2.18, p = .034). 

We next turned to examining how the two groups of children performed on our primary 

task. Good check sorters sorted situational mechanistic explanations (M = 64.86%, SD = 30.88%; 

t(36) = 2.93, p = .006), situational non-explanations (M = 79.05%, SD = 26.69%; t(36) = 6.62, p 

< .001), and biological mechanistic explanations (M = 72.30%, SD = 32.16%; t(36) = 4.22, p < 

.001) more accurately than chance, whereas the poor check sorters only sorted biological 
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mechanistic explanations (M = 70.24%, SD = 31.24%; t(20) = 2.97, p = .008) more accurately 

than chance. Both the good and poor check sorter groups failed to sort biological non-

explanations correctly at greater than chance levels (Good: M = 50.68%, SD = 34.60%, t(36) = 

.12, p = .906; Poor: M = 38.10%, SD = 31.24%; t(20) = -1.75, p = .096). When further examining 

the differences between these two groups, we find that although neither group sorted the 

biological non-explanations into the not helpful box above chance, for the good check sorter 

group, PVT and BKT scores correlated with children’s performance on this item type (PVT: r = 

.50, p = .002; BKT: r = .49, p = .002).  

Discussion 

The purpose of Experiment 2 was to better understand how 4- and 5-year-olds evaluate 

explanations of how questions about causal relationships with a simplified design, and to see if 

children’s performance was specific to the biological domain or was true of other domains such 

as situational causality. Further, we wanted to continue to investigate the role of individual 

differences in children’s evaluations of biological explanations.  

Overall, we found that children accurately sorted both situational mechanistic 

explanations and biological mechanistic explanations into the helpful box. In fact, children 

performed better at sorting biological mechanistic explanations than situational mechanistic 

ones. Although we do not know with certainty what drove this difference, we speculate that 

because children have more prior knowledge in the situational domain, they may have had more 

preconceived ideas regarding possible mechanisms. Supporting this, anecdotally, children were 

more likely to express disagreement with the situational mechanistic explanations than the 

biological ones, offering their own version of a mechanistic explanation to address the question.  
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For the non-explanations, which should theoretically have been sorted into the not helpful 

box, children performed much better in the situational domain than the biological domain. In 

fact, for the biological domain, on average, children sorted non-explanations at chance. We 

suspect this domain difference arises in part because children have less experience with biology 

during the preschool years. Thus, any information that seemed true or factual about biology may 

have seemed helpful, even if it did not answer the question. Supporting this point, children with 

higher prior knowledge about biology were better at recognizing that biological non-explanations 

did not help answer the question. Verbal intelligence also appeared to play a role as well.  

In reflecting on the results of Experiment 2, two themes arise. First, this research supports 

that there are domain differences in how children evaluate explanation quality. To our 

knowledge, this is the first experiment to address this issue with preschool-age children. The 

second is that explicitly evaluating weak explanations of any sort – non-explanations during the 

primary task and intentionally poor explanations at post-test – appears to be challenging for 

children in this age range. Although more than half of the children performed well on the check 

questions, about a third of them struggled to sort the clearly poor check items properly. When 

exploring reasons for this difference, we found that children who were considered poor check 

sorters were significantly lower in prior biological knowledge than children who were able to 

accurately sort the check questions. We return to this issue in our general discussion.  

Project 2 Discussion 

The primary goal of these two experiments was to examine developmental and individual 

differences in how young children evaluate explanations provided in response to how questions 

in the domain of biology. We explored whether children are predominantly accepting of different 
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types of responses or if they show some sensitivity to the quality of the explanation. Experiment 

1 demonstrated that 6-year-olds distinguish between good and poor quality explanations in this 

context, rating mechanistic explanations as most helpful and non-explanations as least helpful at 

addressing how questions about biological causal relationships. Four- and 5-year-olds, in 

contrast, rated all explanations the same, suggesting either that they hold the belief that all 

explanations are equally good or that they were not able to use a simple rating scale to 

differentiate between the explanations. Experiment 2 demonstrated that this pattern from 4- and 

5-year-olds is not because they believe that mechanistic explanations and non-explanations are 

equal in all domains: in response to questions in a situational domain, children sorted 

mechanistic explanations as “helpful” and non-explanations as “not helpful” at above chance 

levels. The challenge for 4- and 5-year-olds, then, appears to be in recognizing that non-

explanations in the domain of biology are not helpful at answering the questions.  

In characterizing the development of explanation quality evaluation, it is crucial to be 

mindful of the significant variability that exists in children in this age range. Although some 

children were able to reject non-explanations regardless of domain, others had difficulty with the 

check questions that we had anticipated would be easier to answer. Past research has tended to 

average across all young children to make statements about what preschoolers can and cannot do 

in regards to evaluating testimony and explanations (e.g., Frazier et al., 2009), but very little 

research delves into why some children perform well and others have difficulty. As researchers 

continue to construct a framework regarding developmental changes in how children evaluate 

and follow-up scientific explanations, research exploring the factors that influence children’s 

performance is crucial.  
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For instance, these studies found clear domain differences in explanation evaluation in 

that children performed better at rejecting non-explanations in the situational domain than in the 

biological one. That said, not all preschoolers accepted non-explanations in biology: children 

higher in verbal intelligence and biological knowledge were more effective at this task. We 

speculate that verbal intelligence may act as a domain-general skill that helps children 

understand explanations while biological knowledge may act as a domain-specific tool that helps 

children further examine the content and quality of explanations in that particular domain. Still, 

these two measures are clearly related, and additional research is needed to detangle the 

contributions of each.  

These studies also identified variability in children’s performance on check questions 

designed to be easily answered. Although we do not know with certainty why some children 

struggled, there is evidence that children who successfully sorted the check questions also 

performed significantly better on the domain-specific biological knowledge test. In some ways, 

this finding may seem counterintuitive: why would biological conceptual knowledge matter for 

evaluating explanations outside of biology? One possible explanation is that performance on the 

biological knowledge test here actually taps into a more general construct like executive function 

skills. There is evidence that executive function skills play a key role in developing conceptual 

knowledge in the domain of biology (Bascandziev, Tardiff, Zaitchik, Carey, 2018; Tardiff, 

Bascandziev, Carey, Zaitchik, 2020). Past research with preschool-aged children finds that those 

with lower executive function skills have trouble on tasks that require children to reason about 

biology. Another possibility is that some children were simply not invested in participating in the 

study, leading them to perform worse on the biological knowledge test and the post-test 
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questions. Although we think this is unlikely, given that we did not see relations between PVT 

scores and check performance, it is possible that having children generate their own questions 

might increase their interest and lead them to pay closer attention to the quality of the 

explanations they are given. Additional research is needed to examine the individual differences 

that may play a role in children’s ability to evaluate explanation quality. 

Overall, this research elucidates the developmental trajectory of explanation evaluation in 

early childhood. Four- and 5-year-olds are not experts at rejecting weak explanations: instead, 

they tend to have a bias to evaluate many explanation types as helpful answers to questions. This 

apparent bias may be tapping into something important: for novices in a domain, any response to 

a question that is on-topic and accurate may help a child construct initial knowledge in that 

domain. Eventually, though, young children recruit both domain-specific (e.g., biological 

knowledge) and domain-general (e.g., verbal intelligence) resources to track whether questions 

are being helpfully answered. Then by age 6, at least in some circumstances, children are able to 

view mechanistic explanations as helpful and non-explanations as less helpful in answering their 

how questions. These findings, along with the fact that the trajectory of explanation evaluation 

may vary greatly depending on domain, have important implications for both formal and 

informal science education. Young children can sometimes recognize when a causal question has 

not been sufficiently answered, but this nascent ability needs refinement before children can 

effectively distinguish good mechanistic explanations from poor ones—a crucial skill in building 

a more sophisticated conceptual understanding of the world.  
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CHAPTER 3 

PROJECT 3 

Project 2 gave us useful insight on how young children evaluated different quality 

explanations in biology and other domains as well as how individual differences contributed to 

children’s abilities. There are, of course, open questions from these projects. First, when children 

had low prior knowledge in a domain, like biology, they seemed less discerning of the quality of 

the explanations they received. However, in a domain in which children have greater prior 

experience, like with situational causal events, children appear to be more critical of the 

information they are being provided. Thus, children may be more accepting of explanations 

when they are establishing a base level understanding within a particular domain, and as children 

gain more knowledge, they are better at harnessing that knowledge to critically analyze 

explanations. In order to better understand the role of prior knowledge in explanation evaluation, 

this project examines children’s evaluations of real biological processes (i.e., the biological 

stimuli used in previous studies) as well as novel biological processes that children had never 

heard before. We expected that children would be less discerning of explanation quality for 

novel animals as children have no prior experience with them.  

Second, although past research has examined how children evaluate explanations in the 

domain of biology, we still know very little about what children are actually learning from these 

explanations. Prior work has suggested that young children prefer and remember information 

from explanations better than information received from non-explanations (Frazier et al., 2009, 

2016). But this research is constrained by the types of stimuli used in the study. Very bizarre 

items and pictures were used to encourage children to ask questions (e.g., putting ketchup on ice 
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cream or using a bucket as a hat), but because the stimuli were so bizarre, children may have 

been more likely to seek explanations than they would have been otherwise. Other prior work 

has also suggested that children recall more from mechanistic explanations after exploring a 

battery circuit device with an adult (Kurkul et al., 2021). However, this work has focused 

primarily on physics tasks where causal mechanisms are visible and easier to explore. In order to 

expand upon this prior work, the current project moves beyond questions and explanations 

focusing on bizarre events or physics tasks to examine children’s memory of different quality 

explanations in biology, a domain in which relying on explanations is critical for knowledge 

development. 

Finally, past research examining children’s memory of explanations has simply identified 

children’s responses as accurate or inaccurate; however, young children often provide responses 

to questions that are incomplete or partially correct. Children’s explanatory errors may provide 

insight into how children are encoding information from explanations. The current project 

expands beyond categorizing children’s explanations as correct or incorrect, and instead accounts 

for partial correctness and attempts to provide causal information even if it is inaccurate.  

The current study consists of two experiments with the overall aim of evaluating what 

children remember from different quality explanations about real and novel biological processes. 

Experiment 1 examined 4- and 5-year-old children’s memory of mechanistic explanations and 

non-explanations about novel and real animals. Similar to previous projects in this dissertation, 

Experiment 1 also examined children’s verbal intelligence (Mills et al., 2017; Mills et al., 2019), 

prior biological knowledge (Zaitchik et al., 2014), and executive function (Zaitchik et al., 2014). 
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Experiment 1 also served to replicate findings from Project 2 regarding children’s discernment of 

explanation quality.  

I predicted that children would sort mechanistic explanations as helpful more often than 

non-explanations for both the real and novel animals. I also predicted that children would be 

more likely to sort non-explanations as helpful for the novel items as Project 2 suggests that 

children are more likely to see all information as helpful in domains where they lack more prior 

knowledge. Further, I believed that children who were higher in PVT, BKT, and EF would be 

more likely to sort mechanistic explanations as helpful and non-explanations as not helpful 

across both real and novel items. In regards to children’s ability to remember explanations they 

are given, I predicted that children would have better recall of mechanistic explanations. Further, 

I expected that children who did not recall target information would still attempt to provide other 

causal information, suggesting that children recognized that how questions required a causal 

response and calibrated their responses to match.  

Experiment 1 

Method 

Participants. Participants were 50 4- and 5-year-old children that were recruited from 

local preschools and the surrounding community. Four children were excluded from the study for 

experimenter error (N = 2), difficulty attending to the experimental task (N = 1), and not wanting 

to finish the experiment (N =1). The final sample for this study was 46 4- and 5-year-olds. 

Specifically, there were 22 4-year-olds (M = 4.55, SD = .26, 11 Females) and 24 5-year-olds (M 

= 5.51, SD = .28, 13 Females). For demographic data, see Appendix A.  
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Prior to participation, children’s parents or legal guardians provided informed consent. 

After completing the study session, children were given a small prize, stickers, and a certificate. 

Families who traveled to the campus laboratory to participate were given a $10 gift card. 

Materials. Children were given the same explanation sorting task as in Project 2 

Experiment 2 with mechanistic explanations and non-explanations; however, rather than 

receiving explanations about situational causal events, children received explanations about 

novel biological events. In the current study, children heard the six biological causal events (i.e., 

the real events) used in Project 2 and six novel biological causal events. The real biological 

events were the same as those used in Project 2 Experiment 2, but the caterpillar and bat items 

were eliminated from the current study. The novel biological animals were adapted from 

Brandone and Gelman (2009), and each animal was assigned a novel biological process. For 

each type of biological process (i.e., real and novel), children received three mechanistic 

explanations and three non-explanations to answer causal questions. See Table 3.1 for items.  

For the pre- and post-test, children were given a recall task. This task consisted of eight 

questions children would hear explanations for at test (see Table 3.1 for questions included in 

pre- and post-test). The animals these questions were about were shown to children in a 

PowerPoint presentation on an iPad. 

Table 3.1. Test Items and Explanations for Project 3 Experiment 1 and Experiment 2. 

Type  Question Mechanistic Explanation Non-Explanation 

Real How does a 

chameleon change 
colors? 

The chameleon has layers of 

different colored skin cells and 
can send signals to those cells to 

change colors when its scared so 

it cannot be seen. 

The chameleon usually eats green 

vegetables and large insects that the 
chameleon can catch by shooting its 

tongue out of its mouth and 

wrapping its tongue around the 

insects. 
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Real *How does using its 

gills help a fish get 

oxygen? 

The fish takes water into its 

mouth and pushes it out through 

its gills, where tubes called 

veins collect oxygen so the fish 
can breathe. 

The fish has many kinds of fins that 

help it move around in all directions, 

but most fish cannot swim 

backwards. 

Real *How does the 

jellyfish sting other 

animals with its 

tentacles? 

The jellyfish's tentacles put a 

poison into other animals when 

it touches them so that the other 

animals feel a sting. 

The jellyfish eats fish eggs and 

plants and is a clear color which 

makes it hard to see in ocean water. 

Real How does a cheetah 

run really fast? 

The cheetah has a long and 

stretchy backbone that pushes it 

forward so the cheetah can run 

really fast. 

The cheetah has black skin around 

their eyes that help them see better 

when the sun is shining really bright. 

Real *How does panting 
help the dog stay 

cool? 

The dog's tongue gets cold when 
it pants and sends cold air to the 

rest of its body so the dog can 

cool down. 

The dog wags its long tail when it is 
excited and playing and he likes to 

bark really loudly to get his owners 

attention. 

 

Real *How does the 

camel survive 

without food or 

water? 

The camel has a hump full of 

fat, and this fat turns into energy 

so the camel can survive without 

stopping for food or water. 

The camel has three special eyelids 

that protects its eyes from the 

blowing sand in the desert while still 

allowing it to see. 

Novel How does a modie 

protect its eyes from 

sand while still 

being able to see?  

The modie closes its eyelids to 

keep sand out but its eyelids are 

see through, so it keeps sand out 

of its eyes while still being able 

to see. 

The modie lives in cold bodies of 

water like oceans and lakes and the 

modie has a lot of fat to help keep its 

body warm in the water.  

Novel How does the 
morseth make a loud 

noise? 

 

The morseth blows air out of 
holes its body to make a loud 

noise, so that the morseth can 

warn animals that could hurt it. 

The morseth is a really, really small 
animal and the morseth can hide in 

very small holes or cracks in 

different trees in the woods. 

Novel *How does a wug 
use its ears to glide? 

The wug has big ears that catch 
the air so that they can glide 

from higher tree branches to 

lower tree branches. 

The wug sleeps all through the day 
time and at night time the wug wakes 

up to hunt for food. 

Novel *How does the 

reesle make wax out 

of its food? 

The reesle has a stomach that 

can separate regular food from 

sugar that gets pushed out of 

tiny holes in its body, so it can 
make a wax. 

The reesle cannot make any sounds 

to communicate with others but it 

can dance and move its body around 

to communicate with other reesles 
and animals. 
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Novel *How does the dax 

use light to catch its 

prey? 

The dax has a bright light on its 

head and when it shines the light 

at its prey's eyes it stops them 

from seeing so the dax can catch 
it. 

The dax is a very, very fast swimmer 

and the shape and size of its long, 

skinny body helps it move forwards 

and backwards through the ocean 
water. 

 

Novel *How does the luzak 

run on water? 

The luzak's legs move so fast 

that they create air bubbles 

under its feet to step on, so the 

luzak can run on water. 

The luzak can lay up to 20 eggs at 

one time and it buries its eggs in a 

small hole that it digs. 

 

Procedure. Children began with the pre-test. For the pre-test children were told that they 

were going to be asked some questions about themselves as well as some animals. They were 

told they had probably heard about some of these animals before and they were also going to be 

asked questions about animals they probably had not heard of before. Children were told to 

answer the questions as best as they could and that it was okay to make a guess. Children were 

first asked three easy warm-up questions to make them more comfortable answering questions. 

Then, children were asked four how questions about real biological causal events and four how 

questions about novel biological causal events.  

After the pre-test, children were given the same introduction phase, demonstration phase, 

and check phase as Project 2 Experiment 2 (see pages 37-38). The procedure for the test phase 

was identical to that of Project 2 Experiment 2; however, children heard novel biological events 

rather than situational causal events (see page 38 for more information).  

Next, children completed the PVT to measure verbal intelligence (see page 10 for more 

information) and the HTKS to measure executive function skills (see pages 10-11 for more 

information). Finally, children completed the post-test that asked children the same eight 

questions as the pre-test followed by the BKT to measure biological knowledge (see pages 26-

27).  

* indicates the questions children were asked at pre- and post-test 
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Coding and Reliability. For the pre-/post-test questions, children’s responses were 

transcribed and coded by two coders (see Appendix D for full coding manual). Like past 

research, children’s responses were coded for accuracy. Children’s responses were also coded for 

other features of explanations that we expected children may provide to answer causal questions. 

By coding for these additional features, we hoped to gain insight on the exact information 

children were taking away from the explanations they received.  

Children’s responses were coded across four general categories: 1) did the child provide a 

response, 2) did the child provide target information, 3) did the child attempt to answer with non-

target information, and 4) did the child have the same answer at pre- and post-test. Each of these 

will be discussed in more detail below.  

 The first category aimed to gather information about whether or not children actually 

responded to the question regardless of accuracy or content. The purpose of this code was to 

distinguish between children who answered the question and children who either did not answer 

the question or provided a response such as “I don’t know.”  

The second category gauged whether children provided target information from the 

explanations they were given during the test phase. This category consisted of three codes: 1) 

target body part, 2) target mechanistic explanation, and 3) target non-explanation. The target 

body part code measured whether children provided the body part that was essential to the causal 

event (e.g., in response to how a camel survives without food and water, a response with a target 

body part could be “its hump”). The target mechanistic explanation code accounted for the 

presence of a target mechanistic process (i.e., information provided by the mechanistic 

explanations). In order to receive credit for this code, the child had to provide critical 
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information related to the underlying mechanistic process that accounts for the overall causal 

relationship. The final of the target codes measured whether children provided the target non-

explanation to answer the questions (i.e., information from the target non-explanations). See 

Appendix D for more detailed descriptions of the coding manual.  

If a child’s response did not fit into one of the target categories, the coder determined if 

the response could be classified as one of the two non-target categories: 1) on-topic causal 

process and 2) other. On-topic causal processes are those that are about the same subject as the 

question (e.g., jellyfish) and attempt to provide causal information in the form of an action verb 

(e.g., the jellyfish swims), a simple causal relationship (e.g., the jellyfish swims around to help it 

find food to eat) or a mediator (e.g., the jellyfish turns food into energy so that it can continue to 

swim). Children’s responses did not have to be factually accurate to receive credit for this code. 

We were interested in whether children recognized that a how question required a causal 

response and if children would provide a causal response to attempt to answer the question even 

if they did not recall the target explanations. The “other” code was meant to highlight the 

responses that do not fit into any other category.  

Finally, the fourth category of codes measured whether children provided the same 

response at both the pre- and post-test in order to measure learning from pre- to post-test.  

Results  

Preliminary Analyses. Before completing the primary analyses, all individual difference 

measures were examined for outliers or deviations from normality. Overall, children in this study 

scored a mean PVT score of 106.35 (SD = 13.50) and the distribution was normal in skew (.03) 

and kurtosis (-.83). There was no significant difference between 4- and 5-year-olds’ average 
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PVT scores, t(44) = .31, p = .758. For HTKS, children scored an average of 23.39 (out of 40; SD 

= 13.63) and the distribution was normal in skew (-.69) and kurtosis (-1.09). There was a 

significant difference between 4- (M = 16.77, SD = 13.69) and 5-year-old’s (M = 29.46, SD = 

10.58) average HTKS scores, t(44) = -3.53, p = .001. Finally, children scored an average of 9.67 

(SD = 5.67) on the biological knowledge test and the distribution was normal in skew (1.27) and 

kurtosis (1.96). There was a significant difference between 4- (M = 7.05, SD = 2.90) and 5-year-

old (M = 12.08, SD = 6.51) children’s BKT scores, t(44) = -3.34, p = .002). For correlations, see  

Table 3.2.  

Table 3.2. Correlations between average percentage of correct sorting for each explanation type 

and individual difference measures.  

Note. *p < .05, p < .01 

Did children sort the mechanistic explanations and non-explanation differently? To 

examine if this study replicated the results for Project 2, children’s proportion of correctly sorted 

items (out of 3) were compared across item type. Overall, there were no differences in sorting 

accuracy between 4- and 5-year-old children, so further analyses examining sorting accuracy 

average across both age groups.  

 1 2 3 4 5 6 7 8 9 10 

1. Age −          

2. PVT .03 −         

3. HTKS .59** .35* −        

4. BKT .57** .11 .49** −       

5. Real Mechanistic  -.03 .05 -.07 .17 −      

6. Real Non-Explanation .22 .22 .19 .19 -.33* −     

7. Novel Mechanistic -.01 .22 .09 .05 .18 .04 −    

8. Novel Non-Explanation .18 .29* .17 .13 -.22 .51** .06 −   

9. Good Check .17 -.23 .06 .14 -.39** -.35* .23 -.35* −  

10. Poor Check .30* .19 .25 .16 -.16 .35* -.01 .59** .01 − 
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Figure 3.1 demonstrates the proportion of items (out of 3) children sorted into the helpful 

box. The graph suggests that, like Project 2, children have a bias to sort both mechanistic 

explanations and non-explanations as helpful. Next, we further investigate children’s sorting 

accuracy by comparing accuracy to chance and comparing across explanation types. 

For the biological items involving real animals (i.e., the same biological items from 

Project 2), children sorted the mechanistic explanations into the helpful box significantly above 

chance, M = .73, SD = .27; t(45) = 5.86, p < .001. Children sorted the non-explanations into the 

not helpful box at a rate that was marginally significantly different from chance, M = .41, SD = 

.34; t(45) = -1.89, p = .065. There was a statistically significant difference in sorting accuracy 

between the real mechanistic explanations and the real non-explanations, t(45) = 4.47, p < .001. 

Overall, this suggests that children recognized that mechanistic explanations were helpful 

answers to questions about real biological causal relationships. Similar to the results of Project 2, 
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Figure 3.1. Proportion of items (out of 3) sorted into the helpful box in Experiment 1. Error 

bars represent 95% confidence intervals (Chance = 50%).  
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performance for the biological non-explanations was more variable. It seems that children in this 

study may have understood that non-explanations did not answer the question, however, 

performance on these items was still significantly poorer than on the mechanistic items.  

For the items involving novel animals, children sorted the mechanistic explanations into 

the helpful box significantly above chance, M = .68, SD = .28; t(45) = 4.37,  p < .001. However, 

children did not sort the non-explanations into the not helpful box at rates above chance, M = .48, 

SD = .33; t(45) =-.45, p = .655. A paired samples t-test suggested a significant difference 

between children’s accuracy for mechanistic explanations and non-explanations about novel 

animals, t(45) = 3.28, p = .002. This suggests that children recognized that mechanistic 

explanations were helpful at answering questions about novel animals, but similar to their 

responses to the real animals, their performance was more mixed when it came to evaluating the 

non-explanations.  

Do children rate explanations about real animals and novel animals differently? To 

examine possible differences in sorting accuracy by familiarity with the animals, children’s 

explanation sorting accuracy was compared via paired samples t-tests across the real and novel 

items. Overall, there were no significant differences in sorting accuracy between real and novel 

animals for the mechanistic explanations (t(45) = .98, p = .332) or the non-explanations (t(45) = -

1.49, p = .144). This suggests that familiarity with the animal or biological process did not 

influence children’s explanation evaluation in this study.  

Individual Differences. Correlations between children’s sorting accuracy and 

performance on the individual differences measures can be found in Table 3.2. With the 

exception of novel non-explanations, none of the individual difference measures correlated with 
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children’s sorting accuracy. A linear regression suggests that children who were higher in verbal 

intelligence were better at recognizing that non-explanations were not helpful for the novel 

animals, (R2 = .09, F(1,44) = 4.15, MSE = .10, p = .048). Overall, these correlations do not 

replicate the findings of Project 2 that suggest that PVT and BKT predict children’s accurate 

sorting of non-explanations. We will return to this issue in general discussion.  

Check Items. Like in Project 2, children who understood the task were expected to sort 

the clearly good check items into the helpful box and the clearly poor items into the not helpful 

box. Children in the current sample were, on average, 73.91% correct (SD = 34.54%) at sorting 

the clearly good items into the helpful box, which was significantly above chance (t(45) = 4.70, p 

< .001). Children were 60.87% (SD = 43.35%) correct at sorting the clearly poor items, which is 

at chance levels (t(45) = 1.70, p = .096). This replicates findings from Project 2 suggesting that 

some children are having trouble recognizing that the clearly poor items are not helpful 

explanations. In other words, children appear to have a bias to sort explanations as helpful, 

although they generally sort explanations and good check items as helpful more often than non-

explanations and poor check items.  

Does children understanding of biology improve from pre- to post-test? Descriptive 

data on all codes can be found in Table 3.3.  Notably, at pre-test, children rarely offered a correct 

explanation to the questions being asked, although they sometimes offered relevant information 

or came up with their own solutions. Thus, it appears that children did not come into the study 

with prior knowledge about these questions. Interestingly, scanning the means for the types of 

responses children provided suggests that they did not leave the study remembering extensive 

detail about the answers to these questions, either.  
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In order to examine how children’s understanding of the biological phenomena changed 

during the study, paired samples t-tests were used to compare children’s coded explanations 

between pre- and post-test. For the real biological items where children received mechanistic 

explanations, children offered significantly more target body parts at post, t(45) = -1.93, p = 

.060. For the real animal items where children received a non-explanation at test, children 

offered significantly more of the target non-explanations (t(45) = -2.21, p = .032) at post-test as 

well as significantly more attempts at other causal information (t(45) = 2.38, p = .021). For the 

novel animal items, children’s explanations did not differ significantly between pre- and post-test 

for either mechanistic explanations or non-explanations.  

Table 3.3. Descriptive statistics for pre- and post-test coding scores by item type. 
  Pre-Test Post-Test  

 Explanatory Codes M SD M SD Paired t-test 

Real 

Mechanistic 

Item 

   Response .87 .29 .86 .31 .23 

   Target Body Part .17 .24 .27 .34 -1.93 

   Target Mechanistic Explanation .01 .07 .05 .16 -1.66* 

   Target Non-Explanation .00 .00 .00 .00 ..00 

   Other Causal Process  .54 .41 .52 .39 39 

   Other .29 .34 .25 .33 .85 

   Same as Pre-Test   .40 .40  

Real Non-

Explanation 

Item 

   Response .90 .20 .91 .26 -.28 

   Target Body Part .21 .29 .22 .31 -.26 

   Target Mechanistic Explanation .01 .07 .02 .10 -1.00 

   Target Non-Explanation .03 .13 .10 .20 -2.21 

   Other Causal Process  .60 .34 .45 .41 2.38 

   Other .24 .35 .29 .39 -.90** 

   Same as Pre-Test   .42 .35  
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Novel 

Mechanistic 

Item 

   Response .85 .30 .89 .28 -1.00 

   Target Body Part .28 .34 .22 .27 1.52 

   Target Mechanistic Explanation .00 .00 .02 .10 -1.43 

   Target Non-Explanation .00 .00 .00 .00 .00 

   Other Causal Process  .61 .39 .58 .41 .72 

   Other .21 .33 .25 .35 -.89 

   Same as Pre-Test   .40 .40  

Novel Non-

Explanation 

Item 

   Response .89 .28 .89 .28  

   Target Body Part .22 .31 .22 .33 .00 

   Target Mechanistic Explanation .00 .00 .01 .07 .00 

   Target Non-Explanation .00 .00 .01 .07 -1.00 

   Other Causal Process  .57 .42 .62 .45 -1.00 

   Other .33 .40 .26 .40 -.93 

   Same as Pre-Test   .51 .40 1.18 

Note. The paired t-test compares the mean frequency of different explanatory codes at post-test 

to pre-test. p** < .01, p* < .05 

 

I was also interested in whether children’s recall would differ statistically between items 

where children received mechanistic explanations and items where children received non-

explanations. In order to examine these differences, I first calculated each child’s pre- to post-test 

change scores for each code. Then, paired samples t-test were used to examine pre/post change 

between mechanistic and non-explanation items. For the real biological items, children were 

more likely to offer the target non-explanation at post-test if they were provided with the non-

explanation at test as opposed to the mechanistic explanation, t(45) = 2.21, p = .032). For the 

novel biological items, there were no differences in children’s recall at post-test between 

mechanistic and non-explanation items.  
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Finally, I examined whether there were differences in children’s recall based on the 

familiarly of the animal (i.e., real vs novel). Paired samples t-tests were used to analyze 

children’s pre/post change scores by item type. For mechanistic items, children showed a 

difference in the recollection of target body parts at post-test between the real and novel animals, 

t(45) = -3.16, p = .003. Children showed a greater increase in the use of the target body part in 

their explanations for the novel animals (M = .07, SD = .29) than the real animals (M = -.09, SD 

= .34). For the non-explanation items, the only difference between real and novel animals was a 

significant increase is the use of other causal explanations for the real animals (M = .15, SD = 

.43) as opposed to the novel animals (M = -.05, SD = .40), t(45) = 2.86, p = .006.    

Discussion 

The purpose of this experiment was to investigate 4- and 5-year-old children’s memory 

of explanations they received and how that was influenced by their previous evaluation of said 

explanations. This study also served to replicate findings from Project 2. Results from this study 

replicated some, but not all, of the findings from Project 2. Like Project 2, children sorted 

mechanistic explanations and non-explanations as helpful for real animal items; they also did this 

for novel animals. By collecting explanations at pre-test, we were able to assess how much 

children knew about the answers to these questions before beginning the study, finding little 

prior knowledge. Thus, the findings from this study support the hypothesis posited in Project 2 

that children are more likely to see all information as helpful in domains where they lack more 

prior knowledge. Unlike Project 2, the individual difference measures in this study did not 

correlate to children’s sorting accuracy, with the exception of PVT predicting accuracy for the 

novel non-explanation items. 
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The current study expanded beyond Project 2 by examining children’s memory of the 

explanations they were given. It was predicted that children’s recall would differ by the type of 

explanation they were given at test. In reality, the 4- and 5-year-old participants recalled little of 

the target information from the responses they heard making it difficult to analyze more specific 

differences. We did, however, see some differences in children’s explanation recall. Children 

were more likely to repeat information from the non-explanation if they had been given a non-

explanation at test for the real animal items. We also saw a few differences between real and 

novel animal items, where children were more likely to recall target body parts from mechanistic 

explanations for novel animals at post-test in comparison to real animals. They were also more 

likely to offer attempts at other causal explanations after a non-explanation for real animals than 

novel animals.  

This study provided evidence that 4- and 5-year-olds do not have much prior knowledge 

regarding the answers to questions about biology, and even after hearing various explanations 

about these questions, they offered little target information in their explanations. Overall, this 

seemed to be a challenging task for 4- and 5-year-old children. In order to better understand the 

connection between explanation evaluation and learning, Experiment 2 extended this project to 

older children (i.e., elementary school-aged children) who have more formal learning 

experiences and who, we expected, may be better at evaluating and remembering explanations.   

Experiment 2 

Experiment 2 extends Experiment 1 to elementary school-aged children. There are a few 

reasons to expect that older children will perform better than 4- and 5-year-olds at the 

explanation evaluation and memory task. First, past research suggests that elementary school 
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aged children can employ a somewhat sophisticated set of criteria to evaluate information from 

others. For example, elementary schoolers can differentiate between circular explanations and 

non-circular explanations and can recognize that a non-circular response is more helpful for 

answering questions than a circular response (Baum, Danovitch, & Keil, 2008; Corriveau & 

Kurkul, 2014; Mills et al., 2017; Mills et al., 2019). Further, research has suggested that by age 

5, children are just beginning to detect the difference between relevant and irrelevant 

explanations for explanatory questions and by age 7 children seem to have a more refined sense 

of what information is relevant to answer a particular question (Johnston, Sheskin, & Keil, 

2019). Further, we expect that older children will be better able to remember the explanations 

they have been given which will allow us to better see what information sticks with children 

following explanations.  

Due to restrictions caused by the COVID pandemic, two changes were made from 

Experiment 1 to Experiment 2. First, children in Experiment 2 did not complete the PVT 

measure of verbal intelligence from Experiment 1. The PVT is administered via an iPad app and 

requires children to click the word they hear verbally. Since testing occurred over Zoom, it was 

not possible to get children’s responses on this task. Second, the HTKS measure of EF was 

replaced with the Happy-Sad Task (Lagattuta, Sayfan, & Monsour, 2011) and the Digit Span 

Task (Wechsler & Kodama, 1949). We were concerned that children would have challenges 

completing the HTKS task via Zoom due to the space needed to perform the movements and due 

to potential awkwardness about positioning themselves for being recorded through their 

Webcam, thus we wanted to replace this task with other age appropriate EF tasks that may be 

more easily completed virtually.  
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Overall, the aim of Experiment 2 was to understand how 6-, 7-, and 8-year-old children 

evaluate different quality explanations about familiar and novel items within the domain of 

biology and explore what children remember about different quality explanations. Like 

preschool-age children in Project 3 Experiment 1, I predicted that older children would sort 

mechanistic explanations as helpful and non-explanations as not helpful for the familiar items 

and this distinction would become more pronounced with age. For the novel items, I also 

expected that older children would evaluate mechanistic explanations as helpful and non-

explanations as not helpful. Overall, I believed that older children would be more accurate than 

preschoolers in correctly sorting familiar and novel explanations. Further, I expected that 

children who were higher in BKT and EF would be more likely to sort mechanistic explanations 

as helpful and non-explanations as not helpful across both familiar and novel items.  

This experiment also aimed to expand upon Project 3 Experiment 1 by investigating 

memory of explanations within a group of children who were expected to be more adept at 

evaluating explanations and remembering that information later. I predicted that older children 

would have greater overall recall of mechanistic explanations. Further, I expected that children 

who did not recall target information would still attempt to provide other causal information, 

suggesting that children may recognize that how questions require a causal response and are able 

to calibrate their responses to match.  

Method 

Participants. Participants were 83 6-, 7-, and 8-year-olds recruited and tested online. 

Due to the COVID-19 pandemic, testing for Experiment 2 occurred online via a Zoom. Online 

studies have been shown to replicate findings from traditional lab settings, and evidence suggests 
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that online research studies are effective tools for recruiting larger and more diverse samples than 

traditional lab-based studies (see Scott & Schulz, 2017; Sheskin & Keil, 2018). Seven 

participants were ultimately excluded because of not finishing some of the experimental tasks (N 

= 5), experimenter error (N =1), and receiving help from a sibling during testing (N =1). The 

final sample for this study was 76 6- to 8-year-olds. Specifically, there were 30 6-year-olds (M = 

6.62, SD = .23; 16 Females), 25 7-year-olds (M = 7.52, SD = .29; 11 Females), and 21 8-year-

olds (M = 8.54, SD = .29; 13 Females). For demographic data, see Appendix A.  

Prior to participation, children’s parents or legal guardians provided informed consent. 

After completing the study session, children were given a small prize, stickers, and a certificate. 

Families who traveled to the campus laboratory to participate were given a $10 gift card. 

Materials. Children were given the same mechanistic and non-explanations for novel and 

familiar biological causal events as Project 3 Experiment 1. See Table 3.1 for items.  

Children were given the same eight question pre- and post-test as Project 3 Experiment 1 

to gauge their learning of the target information from the explanations (see page 50-53 for more 

information). A PowerPoint presentation was screen shared with the participant while the 

experimenter read the questions to the child aloud. Children’s responses were recorded.  

Procedure. Children were given the same pre-test, introduction phase, demonstration 

phase, test phase, check phase, and post-test as Project 3 Experiment 1 (see pages 50-53).  

For the individual differences phase, children completed the BKT to measure biological 

knowledge (see page 21 for more information) and two measures of executive function. The first 

measure of EF that children completed was the Happy-Sad Task developed by Lagattuta, Sayfan, 

& Monsour (2011). Children were shown pictures of both happy and sad faces on their screens, 
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and children were asked to say the opposite of the face they were being shown (e.g., when shown 

a happy face, the child must say sad and vice versa). After being told the instructions for the 

Happy-Sad Task, children were given four practices items and were corrected by the 

experimenter if they failed to use the opposite label. Children’s responses on the Happy-Sad 

Task were recorded and later coded. Children received one point if they gave the opposite label 

of the face, and children received no credit if they gave an incorrect response. Incorrect 

responses included not saying the opposite label, giving a different label, self-corrections (e.g., 

happy. . . no sad!), and “partial words” (e.g., haa-sad!). Children’s scores on this task could range 

from 0-20. The second EF task children completed was the Digit Span Task (Wechsler & 

Kodama, 1949). This task included two sub-scales: the forward digit span and the backwards 

digit span. For the forward digit span, the experimenter gave children number sets verbally and 

asked children to repeat the numbers. The forward digit span consisted of nine items each 

containing two trials and number sets ranging from two to ten numbers. Once a child got both 

trials of an item incorrect, the test was stopped. The backwards digit span also required children 

to repeat number sets, however, children were asked to repeat the number sets backwards. 

Children were given two practice items and were given feedback from the experimenter if they 

were incorrect. The backwards digit span had nine items of two trials. Number sets ranged from 

two to eight. The test was stopped once a child got both trials of an item incorrect. The digit span 

was recorded and later coded: children received a point for each correct items. Children’s scores 

on the digit span could range from 0-36.  

Coding and Reliability. Children’s responses to the pre- and post-test were coded as 

they were in Project 3 Experiment 1 (see pages 53-55 for more information). Two independent-
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coders coded 20% of the transcripts to ensure reliability. Discrepancies were discussed and 

rectified, and each coder independently coded the remaining transcripts.  

Results  

Preliminary Analyses. Individual difference measures were examined for outliers and 

deviations from normality. Descriptive statistics for each individual difference measure can be 

found in Table 3.4.  

Table 3.4. Means and standard deviations for each individual difference measure by age.  

On the BKT, children in this sample scored a mean of 20.47 (SD = 7.23; Skew = -.15, 

Kurtosis = -.33). There were significant age differences in children’s performance on the BKT, 

F(2,73) = 9.09, MSE = 43.02, p < .001. A post-hoc Tukey test showed that 6-year-olds scored 

significantly lower on the BKT than 7- (p = .020) and 8-year-olds (p < .001). 

On the Happy-Sad Task EF task, children in this sample scored a mean of 18.17 (SD = 

.23; Skew = -1.46, Kurtosis = 1.83). There was a significant difference in children’s Happy-Sad 

scores by age, F(2,73) = 4.10, MSE = 3.68, p = .021. A post-hoc Tukey test suggests that both 6- 

and 7-year-olds scored significantly lower on the Happy-Sad than 8-year-olds (p = .029 & p = 

.044, respectively). We were also interested in how long it took children to complete the Happy-

Sad Task. Children’s mean Happy-Sad Task test time was 72.18 seconds (SD = 1.48 seconds; 

Skew = .94, Kurtosis = 1.86). There was a significant difference in children’s Happy-Sad time by 

age, F(2,73) = 6.45, MSE = 144.50, p = .003. A post-hoc Tukey test showed that 6- and 7-year-

 6-year-olds 7-year-olds 8-year-olds 

 M SD M SD M SD 

BKT 16.73 7.34 21.64 5.32 24.43 6.71 

H/S Correct 17.77 2.03 17.80 2.27 19.19 1.12 

H/S Time 75.90 10.77 74.40 15.38 64.24 8.68 

Digit Span 13.10 3.64 15.76 3.56 16.81 3.56 
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olds took significantly longer to complete the Happy-Sad that 8-year-olds (p = .003 & p = .015, 

respectively).  

On the digit span EF task, children scored a mean score of 15.00 (SD = 3.89; Skew = -

.76, Kurtosis = 2.91). An outlier of 26 was identified, however this participant was not excluded 

since this task has a ceiling score of 36 and the score of 26 is beneath ceiling on this particular 

task. Like performance on the Happy-Sad Task, there was a significant age difference in 

children’s performance on the digit span, F(2,73) = 7.42, MSE = 12.91, p = .001. Six-year-old 

children scored significantly lower on the digit span than 7- (p = .021) and 8-year-olds (p = 

.002).  

Did children sort the mechanistic explanations and non-explanation differently? 

Like Experiment 1, children’s proportion of correctly sorted items (out of 3) were calculated for 

every item type. Examination of Figure 3.2 suggests that children in this study were fairly 

accurate in their explanation sorting (i.e., sorting mechanistic explanations as helpful and non-

explanations as not helpful). 

For the real items, children sorted mechanistic explanations into the helpful box 

significantly above chance, M = .94, SD = .16; t(75) = 23.80, p < .001. Children sorted non-

explanations into the not helpful box significantly above chance, M = .87, SD = .22; t(75) = 

14.50, p < .001. There was a statistically significant difference between children’s correct sorting 

of the real mechanistic and non-explanations, children were slightly better at correctly sorting the 

mechanistic explanations, t(75) = 2.36, p = .021. Overall, it seems that children in this study 

were able to recognize that mechanistic explanations were helpful answers and non-explanations 

were not helpful answers to biological questions. 
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For the novel items, children correctly sorted the mechanistic explanations into the 

helpful box significantly above chance, M = .92, SD = .18; t(75) = 20.01, p < .001. Children 

correctly sorted the non-explanations into the not helpful significantly above chance, M = .92, 

SD = .20; t(74) = 18.15, p < .001. Children’s sorting performance did not differ significantly 

between mechanistic and non-explanations, t(74) = .00, p = 1.00. These results suggest that 

children recognizing that mechanistic explanations were helpful and non-explanations were not 

helpful answers to causal questions about novel items. 

Do children rate explanations about real animals and novel animals differently? 

Paired samples t-tests were used to examine differences in children’s sorting accuracy by animal 

familiarity. There were no significant differences in children’s sorting accuracy between real and 

novel animals for mechanistic explanations, t(75) = 1.00, p = .321. There was a marginally 

significant difference in accuracy between real and novel animals for non-explanations, t(74) = -
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Figure 3.2. Proportion of items (out of 3) sorted into the helpful box in Experiment 2. Error 

bars represent 95% confidence intervals (Chance = 50%).  
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1.86, p = .068. Children were slightly better at sorting non-explanations for novel animals than 

for real animals, though this difference was not technically significant. At this point, then, it 

seems that there are not any major differences in children’s accuracy based on familiarity with 

the animal.  

Did children’s sorting accuracy differ by age? Before discussing age differences in 

sorting accuracy, it is important to note that children in every age group (i.e., 6-, 7-, 8-year-olds) 

sorted mechanistic explanations as helpful and non-explanations as not helpful at rates 

significantly greater than chance across both animal types (all ps < .001).  

A one-way ANOVA was used to examine differences in children’s sorting accuracy for 

each explanation type as a function of age group (see Table 3.5 for means and standard 

deviations). There were no significant differences in accuracy for real mechanistic items as a 

function of age, F(2,73) = 2.61, MSE = .03, p = .080. Children of all ages in this study seemed to 

understand that mechanistic answers were helpful answers to causal questions about real 

animals. For the real non-explanation items, there was a significant in children’s accuracy as a 

function of age, F(2, 73) = 5.07, MSE = .05, p = .009. A post-hoc Tukey analysis suggests that 6-

year-old’s were significantly less accurate than 7- (p = .042) and 8-year-olds (p = .014) at 

recognizing that real non-explanations were not helpful.  

For novel animal items, children’s sorting accuracy for the mechanistic explanations were 

significantly different between the age groups, F(2, 73) = 4.56, MSE = .03, p = .014. A post-hoc 

Tukey analysis suggests that 6-year-olds’ sorting accuracy was significantly lower than the 8-

year-olds (p = .016). For the non-explanations, 6-year-olds were also significantly less accurate 

than 8-year-olds (p = .037), F(2, 73) = 3.65, MSE = .04, p = .031.   
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Table 3.5. Means and standard deviations of sorting accuracy by item type and age group.   

 6-year-olds 7-year-olds 8-year-olds 

 M SD M SD M SD 

Real Mechanistic .89  .20 .96  .15 .98  .07 

Real Non-Explanation .78  .27 .92  .20 .95  .12 

Novel Mechanistic .84  .24 .95  .12 .98  .07 

Novel Non-Explanation .84  .27 .95  .12 .98  .07 

Individual Differences. Correlations between sorting accuracy and performance on the 

individual difference measures can be found in Table 3.6. Children’s number of correct 

responses on the Happy-Sad Task significantly correlated with children’s sorting accuracy for 

the real mechanistic items. A linear regression suggests that children with higher scores on the 

Happy-Sad task were better at recognizing the real mechanistic explanations as helpful answers, 

R2 = .08, F(1,74) = 6.43, MSE = .02, p = .013. On the digit span task, children’s performance 

significantly correlated with sorting accuracy of real non-explanation items. A linear regression 

suggested that children who scored higher on the digit span task were more accurate in sorting 

non-explanations for real animals as not helpful, R2 = .10, F(1,74) = 7.92, MSE = .05, p = .006. 

Overall, this suggests that EF relates to children’s ability to recognize explanation quality for real 

animals.  

For the biological knowledge test (BKT), children’s performance correlated with all four 

items types. Specifically, a series of linear regressions suggests that children with higher BKT 

were more accurate at sorting real mechanistic items (R2 = .09, F(1,74) = 7.57, MSE = .02, p = 

.007) and novel mechanistic items (R2 = .15, F(1,74) = 13.21, MSE = .03, p = .001) as helpful. 

Further, children with higher BKT scores were more accurate at sorting the real non-explanations 

(R2 = .29, F(1,74) = 29.48, MSE = .04, p < .001) and novel non-explanations (R2 = .21, F(1,73) = 

18.92, MSE = .03, p < .001) as not helpful. Since there was a significant difference in children’s 
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BKT scores as a function of age, regression analyses were completed with age in the first block, 

BKT score in the second block, and children’s sorting accuracy as the dependent variable. BKT 

scores predicted children’s sorting accuracy above and beyond the effect of age for all item types 

(ps < .020). Overall, these results suggest that 6-, 7-, and 8-year-olds’ ability to recognize 

explanation quality is related to their prior knowledge in the domain of biology.  

Table 3.6. Correlations between sorting accuracy for each explanation type and individual 

difference measures.  
 1 2 3 4 5 6 7 8 9 10 11 

1. Age −           

2. BKT .42** −          

3. H/S Correct .35** .01 −         

4. H/S Time -.33** -.03 -.09 −        

5. Digit Span .47** .22 .29* -.25* −       

6. Real Mechanistic .21 .31** .28* .09 .19 −      

7. Real Non-

Explanation 

.36** .53** .02 -.01 .31** .23* −     

8. Novel Mechanistic  .30** .39** .10 .06 .21 .38** .36** −    

9. Novel Non-

Explanation  

.28* .45** -.06 .00 -.01 .26* .53** .26* −   

10. Check Good .18 .19 .14 .03 .20 .26* .10 .00 -.10 −  

11. Check Poor .15 .23 -.03 .03 .06 .33** .39** .09 .57** -.01 − 

Note. *p < .05, p < .01 

 

Check Items. Children in the current sample were, on average, 86.84% correct (SD = 

23.62) at sorting the clearly good check items as helpful, which was statistically greater than 

chance (t(75) = 13.60, p < .001). Children were 97.37% correct (SD = 13.89%) at sorting the 

non-explanations as not helpful, which was statistically greater than chance (t(75) = 29.73, p < 

.001). A paired samples t-test revealed a significant difference in children’s sorting accuracy, 

suggesting that children were better at recognizing the clearly poor check items as not helpful, 

t(75) = -3.34, p = .001. Overall, children in this study were much more accurate at sorting the 

check items than the younger children in the previous studies.  
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Does children’s understanding of biology improve from pre- to post-test? Descriptive 

data on all pre- and post-test codes can be found in Table 3.7. In stark contrast to Experiment 1, 

children in this study provided much more target information at pre-test suggesting that 6- to 8-

year-olds have some pre-existing knowledge about biological phenomena and their mechanisms. 

Additionally, inspecting the means suggests that children provided more information at post-test 

than at pre-test, supporting that they seemed to retain more information from the explanations 

they were given during the study. In order to understand more about children’s learning across 

the experiment, paired samples t-tests were used to compare each code across pre- and post-test.  

For the real mechanistic items, children’s explanations at post-test were significantly 

different than what children offered at pre-test in a number of ways, all of which suggested that 

learning was taking place. Children were significantly more likely to attempt a response at post-

test than pre-test, t(75) = -2.72, p = .008. Their responses also shifted in quality. At post-test, 

they offered significantly fewer explanations categorized as causal explanations that were not the 

target explanation (t(75) = 3.49, p = .001) as well as significantly fewer “other” explanations 

(t(75) = 2.04, p = .045). Instead, they offered more target mechanistic explanations (t(75) = -

7.21, p < .001) and more explanations containing the target body part (t(75) = -4.39, p < .001). 

For the real non-explanation items, in contrast, children’s explanations did not differ greatly 

between pre- and post-test. The only significant difference is that at post-test, children were more 

likely to state the target non-explanation (t(75) = -2.30, p = .024) than at pre-test (when they had 

not yet heard it yet), but the base rate of this happening was still extremely rare (M = .03). 

Turning to the novel mechanistic items, again, children’s explanations at post-test were 

significantly different than what children offered at pre-test. At post-test, children offered 
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significantly more responses (t(75) = -4.95, p < .001), target body parts (t(75) = 04.05, p < .001), 

and target mechanistic explanations (t(75) = -8.92, p < .001). Children were less likely to offer 

their own attempts at other causal explanations at post-test for the novel mechanistic items, t(75) 

= 3.11, p = .003). For the novel non-explanation items, there was only one significant change 

from pre-test to post-test: children offered the target mechanistic explanation more often at post-

test, although this is still happening rarely for these items (M = .09). This suggests that children 

may be more likely to correctly guess the mechanism following a non-explanation for the novel 

items.  

To compare differences across item type, a pre- to post-test change score was calculated 

for all coding variables, then paired samples t-tests were used to compared children’s pre-post 

change for items where children received mechanistic explanations and non-explanations. For 

the real animal items, children offered significantly more responses to questions after they heard 

a mechanistic explanation in comparison to items where they received non-explanations, t(75) = 

-2.59, p = .012. Children also provided significantly more target body parts (t(75) = -2.87, p = 

.005.) and target mechanistic responses (t(75) = -6.25, p < .001) when they had been given a 

mechanistic explanation. Children were less likely to offer an attempt at another causal 

explanation if they heard a mechanistic explanation at test, t(75) = 2.94, p = .004. Finally, 

children were more likely to offer the same explanation they gave pre-test if they heard a non-

explanation during the test phase, t(75) = -5.77, p < .001.  

For the novel items, we see similar differences as we do for the real animal items. 

Children who heard a mechanistic explanation at test were more likely to provide a response 

(t(75) = -3.02, p = .003), provide a target body part (t(75) = -2.22, p = .030), and provide a target 
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mechanistic explanation (t(75) = -7.41 at post-test than children who heard non-explanations. 

Children were more likely to repeat their pre-test response at post-test if they had been offered a 

non-explanation at test in comparison to children who received a mechanistic explanation, t(75) 

= -4.67, p < .001. Unlike, the real animal items, we do not see a significant difference in other 

causal explanations between mechanistic and non-explanation items, t(75) = 1.83, p = .071.  

Overall, these results suggest that children did differentially remember information from 

mechanistic explanations and non-explanations. Children were more likely to remember target 

explanations for items where they were offered good quality explanations. However, when 

children were offered poor quality explanations, they were more likely to make up their own 

causal explanation or simply repeat the guess they provided at pre-test. 

Table 3.7. Descriptive statistics for pre- and post-test coding scores by item type. 
 Pre-Test Post-Test  

Explanatory Codes M SD M SD Paired t-test 

Real 

Mechanistic 

Item 

Response .78 .34 .88 .26 -2.72** 

Target Body Part  .34 .36 .55 .37 -4.39** 

Target Mechanistic 

Explanation 

.07 .18 .38 .40 -7.21** 

Target Non-Explanation .00 .00 .00 .00 .00 

Other Causal Process  .66 .38 .47 .39 3.49** 

Other .03 .11 .00 .00 2.04** 

Same as Pre-Test   .27 .32  

Real Non-

Explanation 

Item 

Response .80 .33 .78 .32 .62 

Target Body Part .31 .36 .35 .32 -1.07 

Target Mechanistic 

Explanation 

.09 .20 .07 .18 .90 

Target Non-Explanation .00 .00 .03 .12 -2.30** 
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Other Causal Process .66 .36 .66 .37 .16 

Other .05 .17 .03 .11 1.14 

Same as Pre-Test   .55 .37  

Novel 

Mechanistic 

Item 

Response .68 .36 .87 .26 -4.95** 

Target Body Part .34 .32 .53 .36 -4.05** 

Target Mechanistic 

Explanation 

.06 .18 .45 .40 -8.92** 

Target Non-Explanation .00 .00 .00 .00 .00 

Other Causal Process .57 .39 .40 .40 3.11** 

Other  .03 .12 .01 .08 1.14 

Same as Pre-Test   .25 .32  

Novel Non-

Explanation 

Item 

Response .71 .38 .73 .39 -.46 

Target Body Part .36 .33 .40 .36 -.94 

Target Mechanistic 

Explanation 

.03 .12 .09 .19 -2.38** 

Target Non-Explanation .00 .00 .01 .06 -1.00 

Other Causal Process .66 .38 .62 .39 .98 

Other .01 .08 .03 .12 -1.35 

Same As Pre   .51 .38  

Note. The paired t-test compares the mean frequency of different explanatory codes at post-test 

to pre-test. p** < .01, p* < .05 

 

Discussion  

The purpose of this project was to evaluate 6-, 7-, and 8-year-old children’s memory of 

explanations they had been provided about biological causal events and to gauge how their 

memory was influenced by the quality of these explanations. Results from this study suggest that 

6-, 7-, and 8-year-old children recognized that mechanistic explanations were helpful answers 

and non-explanations were not helpful answers to questions about biology. As predicted, we did 
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see a significant effect of age in that older children were much better at accurately sorting the 

explanations. We had also predicted that children’s individual differences would have an impact 

on children’s sorting accuracy. Overall, we found that EF played a role in children’s ability to 

accurately sort explanations for real animals and BKT predicted children’s accurate performance 

across all item types.  

Experiment 2 also expanded upon Experiment 1 by offering information about what 

children are retaining from these different quality explanations. Like we predicted, it seems that 

children were more likely to remember target information from the mechanistic explanations 

than the non-explanations. Further, when confronted with a non-explanation, children were likely 

to repeat the answer the answer they had given at pre-test rather than providing the non-

explanation given to them in the study. These results suggest that not only are 6- to 8-year-olds 

more critically consuming information from explanations they are given, they are also retaining 

more relevant information from explanations.  

Overall, the results from this experiment help create a broader developmental picture of 

how children are evaluating biological information. Recall that in previous projects in this 

dissertation, 4- and 5-year-old children demonstrated a bias to sort all explanations as helpful. 

The current study demonstrates that as children age, they begin to overcome this bias to think all 

information is helpful at answering questions in the biological domain. Further, it seems that as 

children age, they also become better able to retain relevant information from the explanations 

they have been given.  

There are, of course, a few important directions for future research to consider. First, 

children in this study were asked to recall explanations they had heard earlier in the same testing 
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session. It is possible that a greater delay between hearing the explanation and recall could 

influence what children remember from these explanations. Second, children were by no means 

at ceiling in learning the mechanistic explanations provided to them in this task. Indeed, after 

hearing mechanistic explanations during the test session, children still only recalled those 

explanations 38-45% of the time at post-test. Future research should examine the conditions that 

lead children to remember more from the mechanistic explanations they encounter. Related to 

this point, there were also tremendous individual differences between children in how much they 

recalled the mechanistic explanations they encountered. It will be important for future analyses 

to examine why some children remembered little while others walked away from the study with 

a richer understanding of biology.  
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GENERAL DISCUSSION 

 

Overall, these three projects examined different facets of young children’s biological 

understanding and learning. The first project in this series examined 3- to 4-year-old children’s 

learning about camouflage through guided play and direct instruction. Although we did not see a 

significant effect of guided play for children’s learning, findings from this project suggested that 

experience with a camouflage task increased young children’s understanding of the concept. 

Further, children’s individual differences played a role in how effective different strategies were 

for their understanding of camouflage. More specifically, verbal intelligence and executive 

function skills seemed to matter more for children’s learning from direct instruction than for 

those learning from guided play. Overall, this project provides useful information for developing 

science learning materials for young children, as well as for informing educators and parents 

about the best approaches to scaffold children’s learning.  

The second project consisted of two experiments that examined 4-, 5-, and 6-year olds’  

evaluation of different quality explanations about biological causal processes. These projects 

suggested that 6-year-olds were able to distinguish between good and poor quality explanations, 

however, the 4- and 5-year-old children had a bias to think that all explanations were helpful at 

answering biological questions. This project also highlighted individual differences in children’s 

ability to recognize when answers were not helpful at answering questions. Overall, this project 

provides useful information about what children notice about explanations and their suitability to 

answer questions.  

Finally, the third project examined 4- to 8- year-old children’s evaluations of different 

quality biological explanations as well as their recall or learning of that information. Experiment 
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1 replicated findings from Project 2 supporting that 4- and 5-year-olds have a bias to sort both 

mechanistic explanations and non-explanations as helpful. Children, however, remembered little 

from the explanations they encountered through the study. Children did mention more target 

body parts at post-test than at pre-test for real mechanistic items, perhaps because the animals 

were familiar and the body parts more easily connected to that knowledge. Experiment 2 

demonstrated that 6- to 8-year-old children did not have the same overwhelming bias to sort all 

explanations as helpful; instead, they clearly sorted the mechanistic explanations as helpful and 

the non-explanations as not helpful. Further, Experiment 2 provided evidence that 6- to 8-year-

old children remember more target information from mechanistic explanations than non-

explanations. Overall, this project expands upon my previous work by capturing a broader 

developmental progression of children’s explanation evaluation abilities in the domain of 

biology. Further, this project provides useful information about what children are retaining from 

the explanations and integrating into their naïve biological theories.  

In sum, this set of studies provides information that may be useful for helping educators, 

researchers, and parents understand how children interact with and learn biological information 

so that we may better scaffold these skills for children early in development. For example, 

findings from Project 1 suggest that experience matters for developing earlier biological 

knowledge. Thus, future researchers and educators should aim to more closely investigate what 

types of early experiences impact learning and what types of guidance best supports children’s 

early learning. Further, these projects also suggest that young children have difficulty evaluating 

explanation quality, so we should be cognizant of the types of explanations we are offering to 

children and should work to provide children with skills to recognize when explanations do not 
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answer their questions. In addition, these findings support that as children become better at 

distinguishing mechanistic and non-explanations, around age 6, they also appear to remember 

more information from the mechanistic explanations, suggesting that children are learning more 

from the helpful explanations they encounter. These findings provide further evidence that 

supporting early explanation evaluation skills may have some benefits for children’s learning 

about biology.  

In conclusion, children begin creating intuitive theories about the natural world well 

before the onset of formal schooling, and these theories can often have an impact on later 

scientific literacy throughout schooling and into adulthood. A lack of scientific literacy may have 

broader impacts on one’s ability to notice misinformation on the news or through social media 

sites. In a world where we are dealing with issues such as climate change, global pandemics, and 

a staunch resistance to scientific research, it is crucial that we understand more about the early 

development of scientific literacy so that we may better prepare children for the changing world. 
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APPENDIX A 

CHILD AND FAMILY CHARACTERISTICS  

 

Table A.1. Child and family characteristics as a percentage of sample. 
  Project 2 Project 3 

 Project 1 Experiment 1 Experiment 2 Experiment 1 Experiment 2 

Characteristic (n = 54) (n = 59) (n = 58) (n = 46) (n = 76) 

Race      

   White/Caucasian 50.0 59.3 69 78.3 75 

   Black/African American 0 5.1 1.7 0 0 
   Asian 24.1 11.9 20.7 0 11.8 

   American Indian/Alaska 

Native 

0 0 0 0 2.6 

   Mixed Race 13 6.7 1.7 15.2 3.9 

   Other 0 0 0 0 3.9 

   Did Not Disclose 12.9 16.9 6.9 6.5 2.6 

 

Ethnicity 

     

   Hispanic/Latino 0 20.3 8.6 10.9 5.3 

   Not Hispanic/Latino 53.7 16.9 31 52.2 92.1 

   Did Not Disclose 46.3 62.7 60.3 37.0 2.6 

 

Maternal Education 

     

   High School Degree or 

Equivalent 

1.9 1.7 0 2.2 1.3 

   Some College 1.9 23.7 3.4 8.7 6.6 

   College Graduate 25.9 28.8 39.7 37.0 22.4 

   Some Graduate/Professional 

School 

7.4 5.1 5.2 0 6.5 

   Master’s Degree 25.9 25.4 36.2 32.6 39.5 

Professional/Doctorate Degree 24.1 5.1 8.6 15.2 18.4 

   Did Not Disclose 13 10.2 6.9 4.3 5.3 

 

Paternal Education 

     

   High School Degree or 

Equivalent 

1.9 5.1 1.7 0 1.3 

   Some College 5.6 18.6 3.4 15.2 5.3 

   College Graduate 31.5 39 25.9 54.3 28.9 

   Some Graduate/Professional 

School 

7.4 8.5 10.3 0 7.9 

   Master’s Degree 20.4 18.6 32.8 17.4 28.9 

Professional/Doctorate Degree 20.4 0 15.5 6.5 22.4 

   Did Not Disclose 13 10.2 8.6 6.5 5.3 

 

Income 
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   $0-$15,000 0 0 0 4.3 1.3 

   $15,001-$25,000 0 0 0 2.2 0 

   $25,000-35,000 0 0 0 0 0 

   $35,001-$50,000 3.7 5.1 6.9 2.2 6.6 

   $50,001-$75,000 1.9 18.6 5.2 6.5 5.3 

   $75,001-$100,000 7.4 13.6 8.6 15.2 7.9 

   $100,001 or above 61.1 40.7 56.9 58.7 68.4 

   Did Not Disclose 26 22 22.4 10.9 10.5 
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APPENDIX B 

PROJECT 1 STIMULI SETS  

 

 

 

 

 

Figure B.1. Pre-test forest and desert item sets. 

 

 

 

 

 

 

 

 

Figure B.2. Warm-up phase placemat and animal figures.  
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Figure B.3. Test phase forest and lichen item sets.  

 

 

 

 

 

 

 

Figure B.4. Post-test ocean placement item set.  

 

 

 

 

 

Figure B.5. Post-test ocean choice item set.  
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Figure B.6. Post-test prairie placement item set.  

 

 

 

 

 

 

Figure B.7. Post-test prairie choice item set.
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APPENDIX C 

PROJECT 2 CORRELATION TABLES 

 

Table C.1. Correlations between average explanation ratings and individual difference measures for Experiment 1 

 

 

 

 

 

 

Note. †p< .10, *p< .05, **p< .01 

 

 

 

 

 

 

 

 

 

 

 1 2 3 4 5 6 7 8 9 

1. Age − − − − − − − − − 

2. PVT .39** − − − − − − − − 

3. BKT .43** .53** − − − − − − − 

4. Mechanistic Rating .43** .29* .35** − − − − − − 

5. Teleological Rating -.18 -.05 -.09 .33* − − − − − 

6. Circular Rating -.25† -.11 .09 .30* .50** − − − − 

7. Non-Explanation Rating -.59** -.24† -.39** -.04 .48** .49** − − − 

8. Good Post-Test Rating .10 .06 -.08 .32* .30* .27* .25† − − 

9. Poor Post-Test Rating -.60** -.26* -.25† -.14 .22† .36** .66** .24† − 
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Table C.2. Correlations between average percentage of correct sorting for each explanation type and individual difference 

measures for Experiment 2 

 

Note. †p< .10, *p< .05, **p< .01

 1 2 3 4 5 6 7 8 9 

1. Age − − − − − − − − − 

2. PVT .14 − − − − − − − − 

3. BKT .28* .49** − − − − − − − 

4. Biological Mechanistic .14 .02 .18 − − − − − − 

5. Biological Non-Explanation .14 .31* .36** -.05 − − − − − 

6. Situational Mechanistic  .30* .20 .27* .30* .15 − − − − 

7. Situational Non-Explanation .31* .13 .34** -.02 .52** .03 − − − 

8. Good Post-Test -.04 .09 .10 .34** -.28* .17 -.08 − − 

9. Poor Post-Test .20 .24† .40** -.23† .50** -.08 .66** .06 − 
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APPENDIX D 

PROJECT 3 PRE-/POST-TEST CODING MANUAL  

 

1: RESPONSE GIVEN.  Did the child give a response?              

  

o 0= Responses that do NOT count as an attempted answers: “I don’t know”, “I am not 

sure”, “I don’t know these animals.” 

o 1= Anything not encapsulated in the “0” code  

 

2: TARGET BODY PART. Did the child include any body part that was included in the written 

explanation? The child may use words that are not exactly the target word but synonyms of the 

word. Read clarification for each question below.   

o 0= Does not mention the body part from the explanation or synonyms for that body part  

o 1= Mentions target body part or synonym- acceptable responses for each question listed 

below (NOTE: if the child says a body part that is not listed below, but you think should 

count, discuss it with a team leader)  

◼ Jellyfish: Tentacle(s), arm(s), leg(s), harpoons 

◼ Luzak: Leg(s), foot/feet, paw(s), arm(s) 

◼ Fish: Gill(s), tube(s), vein(s), mouth, fins 

◼ Wug: Ear(s) 

◼ Reesle: Stomach, tummy, belly, hole(s), mouth 

◼ Camel: Hump, lump, bump, bulge, back, ears, nostrils 

◼ Dax: Head, skull, light, bulb, eyes 

◼ Dog: Tongue, tail 

 

3: TARGET MECHANISTIC PROCESS.  Did the child include a target mechanistic process 

in their response?  

o 0= did not provide target mechanistic process 

o 1= Mentions target mechanistic process- acceptable responses for each question listed 

below (NOTE: if the child says something that is not listed below, but you think should 

count, discuss it with a team leader) 

◼ Jellyfish: uses poison, puts poison into other animal 

◼ Luzak: step on bubbles, legs move fast and make bubbles (correct answer must 

include bubbles) 

◼ Fish: gills/tubes/veins get oxygen from water (the child has to mention that 

something is gotten from the water) 
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◼ Wug: ears catch air, ears use air to glide, glides through air 

◼ Reesle: stomach pushes sugar out, regular food and sugar are separated in 

stomach, sugar comes out of holes in its body, body separates sugar from food, 

the body makes wax out of sugar from its food 

◼ Camel: hump turns fat into energy 

◼ Dax: uses light to blind prey (or stop them from seeing) 

◼ Dog: cold air gets sent to its body, tongue gets cold and cold air goes into its body  

 

4: TARGET NON-EXPLANATION. Did the child include aspects of the target non-

explanation in their response?  

o 0= did not provide info from target non-explanation  

o 1= Mentions pieces of target non-explanations- acceptable responses for each question 

listed below (NOTE: if the child says something that is not listed below, but you think 

should count, discuss it with a team leader) 

◼ Jellyfish: eats eggs, eats plants, is a clear color, hard to see in the ocean 

◼ Luzak: can lay 20 eggs, can lay a lot of eggs, it buries its egg, digs small holes 

◼ Fish: has many kinds of fins, its fins help it move, it can move in all directions, 

most fish cannot swim backwards 

◼ Wug: sleeps all day, stays awake at night, hunts for food, hunts for food at night  

◼ Reesle: cannot make sounds to communicate, dances or moves it body around to 

communicate 

◼ Camel: camel has hairy ears, hairy ears keep sand out, camel’s nostrils close to 

keep sand out 

◼ Dax: dax is fast swimmer, shape/size of its body helps it swim, has a long skinny 

body, can move forwards and backwards in the water 

◼ Dog: dog wags its tail when its excited, wags its tail to tell owner it wants to go 

outside and play  

 

5: ON-TOPIC CAUSAL PROCESSES: Did the child provide a response that was related to 

the topic and is causal, but isn’t one of the target mechanistic responses? On-topic causal 

processes must fit within one or more of the following distinctions (some responses could, in 

theory, fit into all categories. So long as it fits into at least 1, the child should get credit):  

1. Action Verb:  type of verb that describes physical or mental actions; verbs that let you 

know what the subject of a sentence is doing. Since children do not always state the 

subject of their sentences, children can only get credit if it is clear who the subject of 

the sentence is (e.g., ‘swimming’ vs. ‘the fish swims’; it is only in the later example 
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that the child notes the presence of a subject, thus children would get credit for ‘the 

fish swims’ but not ‘swimming’ since it isn’t clear what is swimming). 

2. A causes B: relating a cause to the effect that it produces. In order for a child’s 

response to classify as this code, the coder must be able to easily label the cause (i.e., 

A)’ and ‘effect (i.e., B)’ of the causal relationship in the sentence. For example, the 

response “a camel eats food to grow” would be classified as ‘A causes B’ because 

you can easily label the camel eating food as the cause and growth as the effect. If 

you are unable to easily tell what the causal relationship is, then the child cannot 

receive credit.  

3. Mediator: A variable that explains the how or why of a causal relationship (i.e., this 

variable explains the relationship between A and B). For example, a child may say 

something like, “a camel eats food and it’s body turns that food into energy to help 

the camel grow.” The child would receive credit since it is clear how food helps the 

camel grow,  

NOTE: These distinctions do not need to be factually accurate in order for children to receive 

credit for them.   

NOTE: if the child says something that you aren’t sure should count, discuss it with a team 

leader 

o 0= No  

o 1= Yes, write down child’s response in notes section of coding sheet 

 

6: OTHER: Did the child give a response that is not covered by any of the above categories? 

o 0= No 

o 1= Yes, If so, write down child’s response in the notes section of the coding sheet 

 

POST-TEST ONLY  
7: SAME AS PRE: Did the child repeat the same response as they did during the pre-test? It 

doesn’t have the be the exact same words, but it should be generally the same response to count 

as correct. (Note: This refers to the content of the child’s response, not whether they received the 

same scores/codes as pre-test) 

o 0= No 

1= Yes 
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